Title
iﬁif it il it Alnivha dograarneasnt FHo atdlon




NTS EIS
 ADMINISTRATIVE RECORD # gg_ﬁq ‘7’ 2

NTSEIlS = DOE/NV/11432-196 || -

ADMINTSTRATIVF RECORD ’

PERFORMANCE ASSESSMENT
- FOR THE |
AREA 5 RADIOACTIVE WASTE MANAGEMENT SITE
- AT THE NEVADA TEST SITE, NYE COUNTY, NEVADA

.
o




~ ARCHIVE COPY
. TABLE OF CONTENTS '
l. Section ‘ o | . | | ~ Page
l EXECUTIVE SUMMARY . .. .. ... ... e A S xix
| 1.0 INTRODUCTION . ..ot e e i 11
-3 1.1 PURPOSE AND SCOPE . . . .. e P 1
! 1.2 -~ OVERVIEW OF THE NTS AND THE AREA 5RWMS .......... 13
1.3 PERFORMANCE OBJECTIVES . .................. ..., 14
' 1.3.1 DOE Order 5820.2A, Radioactive Waste Management . . . . . . - 15
1.3.2 DOE Order 5400. 5 Radiation Protection of the Public and
l Environment . .. .. ... .. ...t . 1-6
1.3.3 40 CFR 61, National Emission Standards for Hazardous '
Alr POIIUMANIS . . . o o vttt e e e e 1-7
fl | 1.3.4 40 CFR 141, National Interim Primary Drinking Water R
| _ - Regulatlons S 1-8
' 1.3.5 Performance Objective Summary . . . . . .. - ,.N. .......... 1-8
, 1.4 PERFORMANCE ASSESSMENT METHODOLOGY ........... 1-10
2.0 FACILITY DESCRIPTION . . ... .. S e 2-12
. | 2.1 GEOGRAPHY ..... PP T 2-12
2.2 . METEOROLOGY AND CEIMATE .......... e 2-15
l : 2.2.1 Climatic Setting . .. .............. U L. 215
2.2:2 Precipitation . ................ e L2417
: . v 2.2.3 Temperature . . .. .. PR e e 2-22
224 Wind. .. .......... 22
L 2.3 GEOLOGY .......... e R e 2-24
l 2.3.1 Regional Geology . .. .............. e e e 2-24 -
- 2.3.2 Geology of Frenchman Flat and the Area SRWMS . ....... 2-25
' 2.3.2.1 Structural Features . .................... L 2-25.
5 2.3.2.2 Potential for Seismic Activity . .. ....... ... ... - 2-28
2.3.2. 3 Evidence of Volcanism . ...... A ... 229
l - 2.3.2.4 Local Stratlgraphy .......... e 2-31
- 24 HYDROLOGY . ... ..o©ooovroo .. . e 2-37
l 2.4.1 Regional Hydrology of the NTS ......... e 237
2.4.1.1 Surface Hydrology . . .. .. J e 2-37
' 2.4.1.2 Subsurface Hydrology . . . . . . e 2-37
Zi-




{

"’J"?"ﬂ i au :-,-.
A

.-,

i’b“"*&u-u# tucal3 I
TABLE OF CONTENTS (Cont’d) ' ,
Section - Page
~ 2.4.1.2:1 The Saturated Flow Regime Distribution’ , l
- and Character of Prmc1pa1 Aquers & J :
. CAquitards . ... ... ... ... L. 239 ' .
24122 - Groundwater Movement . . ....... ... 2-48
2.4.1.2.3 Groundwater Chemistry . . . . ... B - 2-50 '
2.4.2 Hydrology of the Area SRWMS .. ... .............. 2-54
2.4.2.1 Surface Hydrology . ... .. e 2-54
24, 2 2 Subsurface Hydrology . ............ e .. 2-58 .
2.4.2.2.1 Nature of the Vadose Zone . ...... ... 2-60 - ,
2.4.2.2.2 Environmental Tracers in the Vadose Zone . 2-72 l
2.4.2.2.3 Summary of Vadose Zone Charactenzatlon :
DAt 2-76 '
; 2.422.4 'Esumatlon of Unsaturated Flow Rate and .
DIFCHOD .« . o ot - 2-79
2.4.2.2.5 Saturated Flow Within the Uppermost l
| | Aquifer and Aquitard . . . . .. e ... 2-80
: 2.4.2.3 Water Quality of the Uppermost Awuifer ... ...... 2-84 '
2.5 DEMOGRAPHY ................. I i...... 2-88
26 LANDUSE ............... N 2-90 .
2.7 ECOLOGY . ... e e e e e e e e e e e e e e e 2-97 :
271 Flora ... .o.ooviie o e ... 297 T
272 Fauma .......... e 2-103 .
2.8 RADIOLOGICAL ENVIRONMENT . . ......... ... 24107 ‘
2.9 AREA 5 RWMS SITE DESCRIPTION e . 2-111 '
| 2.9.1 Shallow Land Burial .............. A s . 2-115
2.9.1.1 Mixed Waste Disposal . ... ................ 2117
2.9.1.2 Temporary Closure Cap' . . . . . e e 2-117 I
2.9.2 Greater Confinement Disposal . . . . .. ... 2118
293 Waste SIOTage . . . ...t Lo 2121 '
2.9.4 Waste Characterization and Certification . ............. 2-122
7 0 5 EKarilittClagn=2 Plan : 2-173 __ -
o A=







Section Page
3.2.2. 3 3 Resuspensxon Coefficient . . .. ......... 3-209
*3.2.2.3.4 Summary of Release Scenario and Conceptual
Model for Non-Volatile Radionuclides . ... 3-209
3.2.3 Pathway Scenario Assumptions and Conceptual Models . . ... 3-212
~ 3.2.3.1 Transient Occupation Scenario . . .. .......... . 3213
-3.2.3.2 Open Rangeland Scenario . . . . . .. I 3-217
'3.2.3.3 Radionuclide Screening . . . . . e L. 3222
3234 Full Pathway Analysis for the Open Rangeland Scenario 3-223
- 3.2, 4 Summary of Pathway Conceptual Models ............. 3-226
3.3  INTRUDER CONCEPTUAL MODELS AND ASSUMPTIONS c... 3228
'3.3.1 Acute Intruder Sceparios . . . ............. ... .. ... 3-229
3.3.1!1" Conceptual Models and Assumptmns for the Acute -
Drilling Scepario . . ................. Lo 3-230
3.3.2 Chronic Intruder Scenarios . ................ ... 3235
3.3.2,1 Conceptual Model and Assumptions for the Intruder- ‘
- Agriculture Scenario . .. ... ... IR 3-235
3.3.2.2 Conceptual Model and Assumptions for the Post-Drilling
Scemario . ......... S . L. 3242
3.4 COMPUTER SOFTWARE . .......... I ... 3245
3.4.1 TIME-ZERO Computer Code . . . . . ... .ot 3.245
3.4.2 The CASCADRSY Computer Code . ........ S ... 3249
3.4.3 The RESRAD Computer Code . ............. . 3-250
3.4.4 The CAP88-PC Computer Code . ......... e 3251
3.4.5 Radioactive Decay Computer Codes . . . ............. . 3251
3.5 QUALITY ASSURANCE . ...........c.ooooonn.... ... 3252
3.5.1 Site Characterization and Monitoring Quahty Assurance . ... 3-252
3.5.2 Software Quality Assurance . . . ............ .. ..... © 3252
4.0 . RESULTS OF ANALYSIS ...................... PP 4254
| 41 ANALYSIS RESULTS FOR MEMBERS OF THE GENERAL PUBLIC 4-254
4.1.1 Analysis Results for the Transient Occupancy Scepario .. ... 4-254
4.1.2 Analysis Results for the Open Rangeland Scenario . . . . . .. 4256
4.1.3 Radon Flux from Shallow Land Burial Trenches and Pits . ... 4-259
4.1.4 Estimated Radon Flux from Pit 6 (POSU) . ... ......... 4262
4.2 ANALYSIS RESULTS FOR INTRUDER SCENARIOS ... ...... 4-265
-iv-

' TABLE OF CONTENTS (Cont’d)

i mm

- e

T

s N |

o



o ) n

- -'

Section Page
4.2.1 Analysis Results for the Acute Intruder Drillirig Scenario . ... 4-265
4.2.2 Analysis Results for the Chronic Intruder-Agriculture Scenario  4-266
423 Anélysis Results for the Chronic Post-Drilling Scenario .. ... 4-279
4.2.4 Doses to Intruders from Inhalation of Progeny of Rn . . . .. 4-290
4.3  SENSITIVITY AND UNCERTAINTY ANALYSIS . . . .. L. 4291
4.3.1 Sensitivity Analysis for the All-Pathways Scenarios . . . . ... .. 4-291
'4.3.2- Radon Flux Sensitivity and Uncertainty Analysis ......... 4-294
4.4 INTERPRETATION OF ANALYSISRESULTS ............ . 4296
4.4.1 Interpretation of Doses to Members of the General Public . 4-296
‘4.4.2 Interpretation of Radon Flux Results . . . .. ............ 4299
443 Interpretatlon of Doses to Inadvertent Intruders . . . . .. ... 4299
5.0 PERFORMANCE EVALUATION ... .. .. ... . ... 5-303
' 5.1  Comparison of Performance Assessment Results w1th the Performance
ODJECHIVES . . . v i et e e e e e 5-303
5.2  Application of Performance Assessment Results to the Development of '
Waste Acceptance Criteria . . . . ... ... .. ... ............ - 5-306
5.3  Recommended Modifications to Overating Procedures . . .. .. .. . 5307

TABLE OF CONTENTS (Cong’d)




2.5
2.6
2.7
2.8

2.9
2.10

2.11

2.12°

2.13

2.14

'LIST OF FIGURES (Cont’d)

‘Page.
_ Dlstnbutron of mean annual precipitation at the NTS (modified from anng,
1965 by Winograd and Thordarson, 1975). .. .............. e 1220
- Monthly mean precipitation at the NTS from 1957 to 1964 »
(Wingorad and Thordarson, 1975). ... .. .. ........... S 2-21
Annual wind rose for Well 5B in Frenchman Flat for 1983 through 1993. . .°* 2-23
Surficial geology of Frenchman Flat in the vicinity of the Area 5 RWMS. ... 2-26
-Map showing the major structural features of the Frenchman Flat Basin in the o
- vicinity of the Area SRWMS . .. ...... .. .. .. ... L L. 2-27

Tertiary volcanic centers in the NTS region, adapted from Case et al. (1984). . 2-30
Gravity interpretation of the elevation of the top surface of the carbonate section

underlying Frenchman Flat. (Adapted from Miller and Healey, 1965.) . . ... 2-33 _

Depth profile for the grain-size distn’bution (Unified Soil Classification System)

in the three of the Pilot Wells. . . .. ............ ... S .. 2-36

Area 5 RWMS gross mean particle size distribution in comparison to other
typical soils analyzed by the U.S. Dept. of Agriculture (adapted from Bear

(1972). . o i e 2-38
Hydrogeology of the NTS in cross-section wrth regional geology and a
groundwater pathoverlay. . . . ... .. ... .. ... .. .. .. .. .. ... .. 2440

Cross-section through Frenchman Flat to the Amargosa Desert showing the
regional groundwater flow pattern and the relationship between interbasin and

- intrabasin flow (adapted from Winograd and Thordarson, 1975). ......... 249

215

2.16
217

218

2.19

General groundwater flow directions in the NTS area. (from Wadell [1982]). . 2-51
Mean cation and anion concentrations in groundwater found at the NTFS and

trilinear diagram analysis showing the three dominate chemical facies.. . ... .. 2-52
100-Year flood zone delineation map at the Area 5 RWMS (from Mlller et al N
1004) ... . . . e e e 2-57

Cross section showing mterpreted hydrogeology for the Frenchman Flat Basin
based on Frizzell and Shulters (1991), Raytheon (1991), Miller and Healey

(1965), and Zonge Eng (1990). . . .. -2-59

Map showing the Pilot Wells and Science Trench Boreholes in relation to the _

RWMS with geologic cross-section interpreted from core and drill-cuttings. . . 2-62
-vi-

L
4 - M



ol dn

'LIST OF FIGURES (Cont’d)

- 2.20 Water content profile beneath the Area 5 RWMS from Pllot Well data o ,
(REECo, 1993b). . . .. . .. e e e e ... 2-63

2.21 - Water potential profiles for the Pilot Wells and Science Trench Boreholes ' 1
surrounding the Area SRWMS. .. ... ... ... ... ...... e e e e 2-64 '

2.22  Smoothed matric potential profile for Pilot Well UESPW-I illustrating the -
| .conceptual model contammg three zones of unsaturated flow behav10r within the

vadose zone in the alluvium under the Area SRWMS. .. ........ Ve 2-66
2.23  Saturated hydraulic conductivity proﬁles for the Pilot Wells and Scxence Trench , :
Boreholes surrounding the Area SRWMS. . . .. ... .. .. e e e e e e . 2-68
2.24 Composne moisture retention characteristic curves from core samples for the
‘ Pilot Wells UE5PW-1, UE5PW-2, and UESPW—3 from REECo (1993b). . ... 2-70
| 2.25 Fitted unsaturated hydraulic conductivity functions from core samples in pilot
‘ Wells UESPW-1, UESPW-2, and UESPW-3, from REECo (1993b) e .. 2T
2.26 Depth profiles of dry chloride concentrations for core in PllOt Wells and Science
trench Boreholes from REECo (1993b). . ......... e e e e e e e e e 2-73
2.27. Depth profiles of 6'*0 and 6D from core samples for the Pilot Wells and Science
Trench Boreholes (REECO 19938). . ... .........:........ L2750
2.28 Comparison of stable isotopes measured from core samples of the Pilot Wells to |
- the global Meteoric Water Line (MWL) (REECo 1993b). e e e e 2-77
, 2.29 Population of counties in Nevada based on 1990 census estimates (adapted from '
' . DOE/NV, 1993a).. . . . .. . it e e e e e 2-89
- 2.30 Major vegetation types of the NTS (adapted from Beatley, 1976). e e e 2-100
‘ 2.31 Waste management units within the Area 5SRWMS. . ... ... .. e 2-112
' 2.32 Map of the Low-Level Waste Management Unit (LLWMU) .......... . 2-113
© 2.33  Schematic of a GCD Cellthe .. . . . . R ST 2-119 -
' 2.34 Location of GCD Boreholes in the LLWMU. . ............ ... 2120 ;
- 2.35 - General Atomics waste stream profile for FY89 through FY93 .. ... ... L2133
I , 2.36 Inhalation Tox1cology Research Institute waste stream profile for FY89 through :
' FYo3 .............. e e e e e e 2-134
, 2.37 Lawrence Livermore National Laboratory waste stream profile for. FY89 through - g
| ' FY93 ottt L 2135 -
| 2.38  Pantex waste stream profile for FY89 through FY93 .. .. ... .. e 2-136 |
| . 2.39  Rocky. Flats Plant waste stream profile for FY89 through FY93 . . . . . ... 2137 .
‘ -vii-
|




2.40
2.41

2.42
2.43
2.44

© 3.1

3.2

3.3
3.4
3.5

- 3.6

3.7
3.8
3.9
4.1

4.2
4.3

Page
Aberdeen Proving Grounds waste stream profile for FY89 through FY93 ... 2-138
Fernald Environmental Restoration Management Company waste stream profile for
FY89 through FY93 ... . . . ... .. . .. . ... 2-139
Sandia National Laboratory waste stream profile for FY89 through FY93 ... 2-140
Rocketdyne waste stream profile for FY89 through FY93 . . . .. e e L. 2-141
Mound waste stream profile for FY89 through FY93 ... ............ 2-142
Conceptual model of; shallow land burial pits and trenches. . ... ........ 3-187
Conceptual model of Pit 6 (PO6U) and placement of the special case thorium
waste ... ... .. e e e P .. 3191
Conceptual model of radionuclide release. .. .................... 3-193
Conceptual model of root uptake . . . ... ...... i ... 3204
Conceptual model of burrowing animal transport. . ................ 3-207
Pathways leading to exposure of members of the public in the base case release
scenario and the transient occupaney pathway scenario. . ......... ... 3214
Pathways leading to exposure of members of the public in the base case release
scenario and the transient occupancy pathway scenario . ... .......... 3-219
Pathways leadmg exposure of a hypothetlcal intruder in the mtruder—agnculture '
scenario. . . ... ... ... e e e e e e e e e e e 3-237
Pathways leading to the exposure of a hypothetlcal mtruder in the post-dnllmgs v
I3 17 o 1o S ... 4243
Mean activity concentratlon of 226Ra in shallow land burial trenches and pits . 4-260
" Estimated radon-222.flux from a shallow land burial waste cell .. ... .... 4-260
Mean activity concentration of 2Ra in the lower cell of Pit 6 for assumed L
concentration of special case thorium wa_ste e 4-263

4.4

Table

1.1
11

LIST OF FIGURES (Cont’d)

Estimated total flux of ’Rn.from Pit 6 . . . ... .. .. e e . 4-264

LIST OF TABLES

“

Time penods foramalysis. . . ... . ...t . 1-2
Faamnem) of | drpadensciamnonssaV ity s —iol of necaina

Page

W

| ¥




. .

>

I . e N . - .

Table

1.3

1.4
2.1

2.2

2.3

2.4

25

26

2.7 .
2.8
2.9
2.10
2.11

2.12

2.13

2.14

2.15

LIST OF TABLES (Cont’d)

Page
Summary of adopted performance objectives for the post institutional control
Period.. . . . . .l e e e e 1-9
- Summary of adopted performance objectives for.inadvertent intruders. . . . . .. 1-10
Monthly precipitation (cm) for the period from January 1963 to December 1993
at Frenchman Flat Well 5B). . . ... .. ... . . . ... .. . ... .. .. ..., 2-18.
Summary of the mean particle size fraction in the alluvium as sampled from the
Science Trench Boreholes. . ... ..................... ... .... 235

Compﬂatlon of regional hydrologic character for water-bearing strata observed at

the NTS (adapted from Wmograd and Thordarson; 1975) .. ........ .. .. 2-41.

Summary of Pilot Well drilling log and hthology information (from REECo
1993b) . .. e e e .. 2-58

- Summary of water content data from Pilot Well and Scrence Trench Borehole
‘Studies (REECo, 1993b, 1993C). . . . . .. .. i e i e it e 2-61 .
‘Mean water quality parameters for UE5PW-1, UESPW-2 and UE5PW-3 for o

1993, e 2-85
Total land area and farm land in southern Nevada for 1987
(from USDOC,1987). . ... .iioiiniineiaaaaaaae. . 293
Cropland in Nevada and southern Nevada by use and crop grown for 1987 (from .
USDOC, 1987). .. ... .. e e e e e e e e e e e e e e 2-94
Irrigated land and irrigated land by use in Nevada and southern Nevada for 1987
(from USDOC, 1987). ... .......... e e e e e e e 2-95
Livestock numbers in Nevada and southern Nevada in 1987
(from USDOC, 1987). . . . . . e e e e e e e e e L. 2-95
‘AUM ha! for various plant communities on the NTS (from Richard-Haggard ‘
1983). ... ... ... e e S 2-96
- Above-ground living dry weight biomass of 'N_TS plant communities as reported. '
by various investigators for Frenchman Flat Basin Larrea communities. . . . . 2-102
Population density of rodents and rabbits in Larrea communities near the Area 5
RWMS.. S 2-106
Estimated surface soil radionuclide inventory for Area 5 as of 1 January 1990, |
excluding the Area 5 RWMS (from McArthur, 1991).. ....... e 2-110 .
Ex1st1ng support structures at the Area 5 RWMS and their functlons ....... 2-114



Table

2.16

2.17

'LIST OF TABLES (Cont’d)

Date of use and current status of pits and trenches receiving wastes since the
inception of DOE Order 5820.2A. . . .. ... .......... e -

'Dimensions and approximate volume of pits and trenches receiving waste at the

Area 5 RWMS since the incention of DOE Order 5820.A. . .. ..







Table

43

4.4
4.5

4.6
4.7

4.8

4.9

4.10

- 4.11

4.12
4.13

414

LIST OF TABLES (Cont’d)

Page
Estimated maximum-doses (TEDE) for volatile radionuclides (excluding‘radon’)
Maximum dose occurs at closure (i.e. at the beginning of the institutional
control period when public access to the NTS is restricted) . . . . . e e . 4259
Estimated radon flux from shallow land burial trenches and pits . .. ...... 4261
Concentration limits . of radon producing radionuclides capable of generating
a flux of 20 pCi m? s in 10,000 year when buned at a depth of 2.4m and
40M ..o e ... 4261
‘Estimated total 2?Rn flux from Pit 6 (POU) . . ... ................ 4264

Soil activity concentrations and TEDE for the acute drilling scenario with the

shallow land burial inventory. Soil activity concentration is the estimated
concentration of the drill cuttings created by the intruder . . . . .. e - 4-267
Soil activity concentrations and TEDE for the acute drilling scenario for Pit 6

(PO6U) at 100 years. Soil activity concentration is the estimated concentration

of the drill cuttings created by the intruder ... . .......... S 4—:270 '

Soil activity concentrations and TEDE for the acute drilling scenario for Pit 6 -

| (PO6U) at 10,000 years. Results for the lower cell are for 9,000 years, when

the activity concentration of 2Ra reaches its peak.” Soil activity concentration

is the estimated concentration of the drill cuttings created by the intruderr . . . 4-272
Soil activity concentrations and TEDE for the intruder-agriculture scenario a
with the shallow land burial inventory. Soil activity concentration is the estimated

concentration of the' surface contaminated zone created by the intruder ... . . . 4-274

Concentration limits for wastes disposed of below 2.4.m for various periods

when intrusion may'occur . .. ... ... ... ... e e ... 4277
Soil activity concentrations and TEDE for the post-dnllmg scenario with the

shallow land burial inventory. "Soil activity concentration is the estimated

concentration of the surface contaminated zone created by the intruder . . . . . 4-281

Soil activity concentratlons and TEDE for the post-drilling scenario for Pit 6

(PO6U) at 100 years. Soil activity concentration is the estimated concentration

of the surface contaminated zone created by the intruder . ........... . 4284
Soil activity concentrations and TEDE for the post-drilling scenario for Pit6
(PO6U) at 10,000 years: Soil activity concentration is the estimated concentration

of the surface containinat_ed zone created by the inturder . ............ 4--286»



]
.
N

. )
, , . s . N . 5 L o o .
- - 3 . : X

Table

4.15

-4.16

417

4.18
4.19

4.20

4.21

422

5.1
5.2

LIST OF TABLES (Cont’d)

Concentration limits for wastes disposed of below 4 m at various times of

intrusion. The limits are derived from analysis of the post—driliing intruder

scenario. Concentration limits for nuclides denoted "+D" include the contribution

of progeny in equilibrium. The concentration limit applies to the parent only 4-287
Waste concentration limits for disposal in the lower cell of Pit 6. Concentration
limits for nuclides denoted "+D" include the contribtuion of progeny in

‘equilibrium. The concentration limit applies to the parent only .. ... ... 4-289
Estimated radon-222 dose results for mtruders residing over a shallow land

burial trench ... .................. e e e e e e e 4-290 .
- Results of the sensitivity ana1y31s for 226Ra in the base case release model . .. 4292

Results of sensitivity analys1s for non-volatile 14C in the base case release :
Model . . . .. e P 4-293
Uncertainty cases and results for the radon K-factors for shallow land burial

Varied parameters are listed. All other parameters are as in the base case

(see Table 3.11) . . . .. e e e e e [P 4-294

Uncertainty cases and results for the radon K-factors for P1t 6 (PO6U) .. 4295

Radon flux results for bounding uncertainty cases . ................ 4-296

Performance assessment results for members of the general public ....... 5-304

Performance assessment results for intruder scenarios . . e e 5-305
- xiii -



This page Teft blank intentionally.



EXECUTIVE SUMMARY,

This report documents the methodology and results of a: performance assessment conducted
for the Area 5 Radioactive Waste Management Site (RWMS) at the Nevada Test Site (NTS).
~The United States Department of Energy (USDOE) has established policies and guidelines for
the disposal of radioactive waste in USDOE Order 5820.2A (USDOE, 1988a), which
‘requires each disposal site to prepare and maintain a 'site—speciﬁc performance assessment. A
performance assessment is a systematic analysis of the potential risks posed by waste '
manasement svstems to the oublic and to _the environment. and the comparison of those risks
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FACILITY DESCRIPTION

The NTS is a USDOE-operated facility occupying 3,500 km? of arid Basm and Range
topography in southern Nye County, Nevada. The NTS was used as the continental nuclear
weapons testing site from 1951 to 1992. The Area 5 RWMS is located within Frenchman
Flat, a closed alluvium-filled basin in the southeastern corner of the NTS. The closest
permanent settlement to the: RWMS is Indian Springs, 42 km to the southeast.

In 1961, the Area 5 RWMS began disposal of low-level radioactive waste generated at the
NTS. The RWMS began accepting waste from offsite USDOE generators for disposal in-
.1978. From 1983 to 1989, high-specific activity waste was disposed of i in deep augered
shafts known as Greater Confinement Disposal (GCD). Mixed waste was disposed of in a
single unlined pit from 1987 to 1990. Since the inception of USDOE Order 5820.2A in
1988, the Area 5 RWMS has disposed of low-level waste and mixed waste in shallow unlined
trenches and pits. A single GCD borehole has received waste since 1988. The Area 5
RWMS is currently receiving low-level wastes from the NTS and offsite USDOE generators.
This performance assessment is limited to wastes disposed from the mcepuon of USDOE
Order 5820.2A to the estimated date of closure.

The Area 5 RWMS lies within a region transitional between the Mohave Desert and the -
Great Basin Desert. The climate is characterized by many cloudless days each year, low
precipitation and high dailyx‘ temperatures. Frenchman Flat receives an average annual
precipitation of approxrmately 12 cm. Potential evapotranspiration greatly exceeds
precipitation.

The stratigraphy beneath the RWMS can be classified into eight primary units.. These units
are composed of clastic rocks and carbonate rock in the bottom sections, and volcanic rocks
and alluvium in the upper sections. The RWMS lies directly upon approximately 360 to
460 m of alluvium derived predominately' from the Tertiary volcanic rocks exposed in the
nearby mountain ranges. Beneath the alluvium-lies a layer of interbedded ash-flow tuff,

estimated to be over 550 m thick, and an undetermined thickness of carbonates, which extend

_down to the Precambrian basement roCks.

The surface hydrology at the NTS is characterized by ephemeral runoff occurring after
infrequent storm events. The sub-surface hydrology is characterized by a deep groundwater
regime overlain by a very thick unsaturated zone. The saturated zone beneath the RWMS
lies w1thm the valley fill alluv1um about 240 m below the surface The water table is




-
i

essentlally ﬂat mdlcatmg that there is no s1gmﬁcant honzontal flow beneath the RWMS in

the saturated zone.

The alluvium within the unsaturated zone is very dry, having a volumetric water content of
approximately 12 percent at depth. The dry conditions are the result of evapotranspiration

' greatly exceeding precipitation. Chloride and stable isotope analyses indicate that infiltration

is very rare. Indeed, the evaporative demand is so high at the surface that the tendency for
liquid flow in the top 35 m of alluvium is toward the surface, rather than downward to the
aquifer. Thus, leachate from the waste is extremely unlikely to contaminate the uppermost
aquifer beneath the RWMS. Below 35 m in the vadose zone, liquid will tend to move -
downward at extremely slow rates. In the unlikely event that leachate were to move below
35 m, it was estimated that it would take approximately 65,000 years for the liquid to reach
the water table under the current hydrologic regime. Retardation due to sorption reactlons
would greatly increase this transport txme for most radlonuchdes

The alluvium above the waste disposal cells is normally ‘near its residual water content of
approxunately 8 percent Radlonuchde transport by upward advection-or upward d1ffus1on is




provide a reasonable, yet conservative, estimate of the perfoi:mahce of the undisturbed site.
Intruder scenarios are hypothetical events evaluated to set conservative waste concentratior
limits. | ‘

Release and Pathway Scenarios for the General Public

Two exposure scenarios for the general public were developed based on current land use
patterns in southern Nevada. The first scenario, the transient occupancy scenario, assumes
that members of the general public visit the site for recreational or commercial activities, but
do not permanently reside niear the site. The second scenario, the open rangeland scenario,
assumes that a ranch has been established at the nearest available site with water and that
range fed cattle have access to the closed disposal site. o

The dose to the general public under the assumptions of the transient occupancy scenario was

estimated for a screened list of non-volatile radionuclides at 100 years, 10,000 years, and at |

the time of the maximum dose. In the first 10,000 years after closure, the total effective

dose equlvalent (TEDE) from all non-volatile radlonuchdes would be less than 1 mrem yr!

" to a person spendmg up to 2,000 hours per year at the Area 5 RWMS. The dose is mostly
due to external exposure from the short-lived progeny of *Ra and inhalation of 2*U. Since .

_estimated doses are linear in time of occupancy, it is possible to estimate the dose per hour
spent at the site. Individuals visiting the site 10,000 years after closure are expected to
receive a TEDE of approximately 3 X 10~* mrem for each hour spent at the site.

The release of volatile radionuclides was evaluated separately. These calculations were done
under the extremely conservative assumption that gaseous radionuclides were released at a
maximum rate, based on diffusion in the air-filled pores and diluted into a 2 m atmospheric
mixing zone. The TEDE from H, 14C and ¥Kr combmed was less than 0. 01 mrem yr~! at
100 years.

Doses were evaluated under the assumptions of the open rangeland scenario for two offsite

~ locations with water resources, Indian Springs and Cane Springs. The maximum TEDE

within the 10,000-year compliance interval was less than 0.2 mrem yr~! and occurred at
10,000 years. The doses at the two offsite locations are approxnmately equal because most of
the dose is attributable to ingestion of beef and milk produced at the Area 5 RWMS.
Approximately 85 percent of the dose at 10,000 years is attributable to the ingestion of o
24(J, and 2'°Pb and its short-lived progeny in milk.

- xxii -
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- peak of 156 pCim™2 s™! in 3.5 X 105 years.

| Volatile radionuclides were again evaluated-separately. 31 Volatile radionuclides were assumed

to be released from the site by diffusion and advected through the atmosphere. to the offsite

- Jocation. Due to the great dilution, the TEDE is much smaller than 0.001 mrem yr~L.

The radon flux was estimated for two inventories, the ai/erage inventory disposed of by
shallow land burial and the estimated inventory for Pit 6. Pit 6 is expected to receive
thorium wastes that have the potential to generate ?Rn as *Th decays. The thorium is
destined for a deeper or lower cell. Routine low-level Waste (LLW) will be disposed of in
the upper cell. ' ; o ‘

" The flux of *?Rn released from the disposal site was assumed to be directly proportional to

the activity concentration of ?%Ra in the buried wastes. . For the shallow land burial
inventory, the activity concentration of 2*Ra will increase very slowly over the next 10,000

. years, not reaching a peak for several million years. The predicted flux remains below the

performance objective of 20 pCi m2 s throughout the 10,000-year compliance interval.

The flux exceeds the performance objective in approximately 30,000 years and reaches a

SN B




The performance assessment results in Table 1 provide reasopable assurance of compliahce: .
with the performance objectlves for members of the general public. The two scenarios :
considered, the transient occupancy scenario and the open rangeland scenario, could involve - .
exposure of the same individuals. The TEDE for the two scenarios combined is less than

1 mrem yr~!, well below the 25 mrem yr~! performance objective. : '

. Intruder Scenarios

Intruder scenarios are hypothetical events analyzed to set activity concentration limits for
wastes suitable for disposal in the near surface Three mtruder analyses one acute and two
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scenario (chronic), and post-drilling scenario (chronic).

The drilling scenario is a short-term exposure scenario, where an intruder is exposed to
contaminated drill cuttings while drilling a water well at the site. An inadvertent intruder
dnllmg through a shallow land burial trench or pit is esumated to receive a TEDE of

0. 15 mrem at 100 years and 0.17 mrem at 10,000 years.

- - _‘
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The intruder—agriculture scénario is a chronic exposure scenario where an intruder is assumed
to reside on a contaminated zone created during the excavation of a basement. The intruder
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.| Acute Scenario: 500 mreni o

The intruder post-drilling scenario ’assumesr that an__iiimid‘er builds a residence on an area

contaminated with drill cuttings from the _disposal site. 'As in the intruder-agriculture
scenario, the intruder produces meat, milk, fruit, and vegetables within the contaminated
zome. S SR S ‘

- The estimated TEDE at 100 years was 0.70 mrem yr~! for a post-drilling intruder

penetrating a shallow land burial trench. At 10,000 years the dose increases to
0.71 mrem yr~!, again due to external irradiation from ?*Ra and its short-lived progeny.

A single pit (Pit 6) has been modified to accept a thorium waste stream. The pit has been
excavated to a greater depth to allow burial of the thorium waste in a deeper or lower cell.
The greater depth of burial was required to attenuate radbn fluxes and reduce the potential _
for intrusion. However, since the depth of burial does not eliminate the potential for drilling -
intrusion, the estimated Pit 6 inventory was analyzed- in the post-drilling scenario as a special
case. The estimated TEDE at 100 years was 163 mrem yr~'. ‘The thorium waste in the
lower cell contributes 99 percent of the dose. By 10,000 years, the TEDE is predicted to

“increase to 178 mrem yr~!, due to external irradiation from 2%Ra and its short-lived progeny

produced by the radioactive decay of 20T,

\ .

"The inventory assumed for Pit 6 was found to exceed the performance objective when

analyzed in the post-drilling scenario. .The analysis ‘did not meet the performance objective
because of the concentration of 7'?2Th assumed for the lower cell. This analysis used an.
estimated inventory based on the average concentration of wastes already received. A
thorium inventory of 174 Ci for Pit 6 will assure compliance with the performance objective.
Since only 18 Ci have been received to date, imposition of an inventory limit for Pit 6 can
assure compliance. The results of intruder scenario analyses are presented in Table 2.

Table 2. Performance assessment results for intruder scenarios. Results are based on
current waste management practices or assumed inventories.

Drilling o 0.2 mrem : 23 mrem
Chronic Scenario: 100 mrem yr~! - - '
Agriculture : S 157 mrem yrol NA |
a 178 mrem yr~!

Post-Drilling 0.7 mrem yr~
A - Scenario not applicable ' '
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The results in Table 2 indiéate that there is currently reasonable assurance of compliancé
with the performance objectives for intruders, except for the intruder-agriculture scenario and
for the post-drilling scenario analyzed for the inventory assumed for Pit 6. Reasonable '
assurance of compliance for the intruder-agricultural scenario can be obtained by requiring a
final closure cap of ‘at least 4 m. Compliance in the future can be assured by development of
waste acceptance criteria based on performance assessment results. Implementatioh of an
inventory for waste disposed in Pit 6 in the future can assure comphance with the post-

- drilling scenario for this waste disposal unit.
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1.0 INTRODUCTION

The NTS is a USDOQE-operated proving ground for defenso-relared techrlolog‘ies.v It is located
in the sparsely populated Mohave Desert of southern Nye County, Nevada. The southern
boundary of the NTS is approximately 105 km northwest of Las Vegas.

Two permanent radioactive waste management sites have: been established on the NTS. The
Area 5 RWMS was established in 1961 for the disposal of LLW generated on the NTS. In
1978 the role of the Area 5 RWMS was expanded to include disposal of LLW from offsite
USDOE generators and classified LLW from U.S. Government Agencies. The Area 3
RWMS was established in 1979 for the consolidation and dlsposal of atmospheric testing
debris. The Area 3 RWMS currently accepts LLW in bulk containers from onsite and offsite
generators. The two sites, approximately 27 km apart, are considered separate disposal sites
for the purpose of performance assessment. This report is limited to the performance of the
Area 5 RWMS '

1.1 PURPOSE AND SCOPE

This report's purpose is to document the methodology and results of a performance assessment

conducted for the Area S RWMS. In USDOE Order 5820.2A (USDOE, 1988a), which

requires that each disposal site prepare and maintain a site-specific performance assessment,
USDOE has established nolicies and guidelines for thé disposal of radioactive waste.. A




‘Performance assessments are intended to be living documents reviewed and revised as
necessary. This assessment is based on the best information available at the time of
preparation. Additional analyses may be required if significant changes occur in waste
_management practices, the disposal site inventory, or in the conceptual understanding of how
the waste disposal system f@nctions. ~

The scope of the performance assessment has been limited in four specific areas: the waste
inventory, the time period for compliance assessment, waste types and constituents, and waste
management practices. The scope has been limited to these areas based on the requirements

~ and policies of USDOE Order 5820.2A and USDOE guidance on performance assessment
(Case and Otis, 1988; Dodge et al. 1991; Wood et al. 1994) ' .

- The performance assessmerit considers wastes disposed in Area 5 from 1988, when current
USDOE waste management orders were issued, to the estimated date of closure. The Area 5
RWMS began accepting wastes from offsite generators'in 1978. Assuming a 50-year
operational lifetime beginning in 1978, the closure date becomes 2028. Since the analysis has
~ been limited to dlsposals occurring after 1988, the operatlonal perlod evaluated becomes 40 -

years.
USDOE Order 5820.2A does not spécify an explicit period for assessment of compliance.
Existing federal regulations governing disposal of radioactive wastes have set compliance
periods ranging from 1,000 to 10,000 years, depending on the waste type and transport
pathway. This performance assessment evaluates cbmplianc;e with the performance objectives
for a period of 10,000 years. However, the performance of the undisturbed disposal site has
been assessed for the perlod beginning with the start of the active institutional control period

and ending when the maximum dose is predlcted In some instances, these analyses have been o

performed beyond 10,000 years. These analyses are provided to give the reader an indication
of how doses are increasing or decreasing at the end of the 10,000-year compliance interval.
Estimates of site performance at such great times in the future are highly uncertain. The time
periods used in the analysis are defined in Table 1.1. :

Table 1.1. Time periods for analysis. | | .

Operational D 40 years 1988 - 2028
- Active Institutional Control - _ 100 years 2029 - 2128
Post-Institutional Control 10,000 years - | 2129 - 12129
1-2
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" . The performance assessmient has been limited to radioactive and mixed wastes that have been
permanently-disposed of at Area 5 since the inception of USDOE Order 5820.2A on
September 26, 1988, plus those expected to be received by the closure date. Wastes currently
in storage, such as transuranic (TRU) wastes and the Mound Strategic Materials, have not
been considered. In the past, wastes have been d1sposed of by shallow land burial in unlined ' .
pits and trenches, and by burial in deep 36 m augered shafts known as (GCD). This
performance assessment considers wastes disposed of in both units.

.

Classes of wastes disposed in Area 5 include low-level radioacti_ve wastes, mixed wastes,
greater than Class C wastes, and TRU wastes. Only low-level radioactive and mixed wastes
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Disposal of low-level radioactive wastes has occurred at two sites on the NTS, the Area 5

- RWMS and the Area 3 RWMS. The Area 5 RWMS is located in Frenchman Flat,
approximately 130 km northwest of Las Vegas. Since 1978, the Area 5 RWMS has served as
a LLW disposal facility for the NTS and offsite USDOE and ‘U.S. Department of Defense

(USDOD) generators. Dlsposal activities are currently limited to a 37 ha site. An addmonal 4

259 ha are available for expansion.

Frenchman Flat is an alluvial-filled closed basin, typical of the Basin and Range province.
The climate is extremely arid. Low precipitation, combined with high temperatures and low
humidities, lead to high evaporation rates. Approximately 240 m of dry unconsolidated
alluvial sediments from the surrounding mountain ranges lie between the site and the

- uppermost aquifer. Recent hydrogeologlc characterization studies suggest that recharge
through the alluvial sediments is not occurring under the current climatic conditions. The aerd
climate, low or non-existent recharge, and great distances to the water table make radionuclide
transport through the vadose zone to the aquifer unlikely under the current climatic conditions.

Radionuclide transport through terrestrial and atmospheric pathways is ms1gmﬁcant under the
current institutional controls because of the integrity of the disposal site and the remote
location. The nearest offsite residents reside in Indian Spnngs Nevada (Population 1,500),
42 km to the southeast. The arid climate, infertile soils, and lack of known mineral resources
limit the potential future uses of the site. Land uses in the region include grazing, small scale
irrigation-based agnculture mining, and recreational activities. Frenchman Flat isnotan .
attractive site for any of these uses under current economic conditions.

1.3 PERFO_RMANCE OBJECTIVES

LLW disposal performance objectives establish the limits of risk acceptable for the perménent
disposal of radioactive wastes. A performance assessment must identify each performance
* objective and conduct the appropriate analyses to assess compliance with the objective.

~ Radiation protection‘ standards and recommendations have used a variety of dosimetric
quantities. The biological risks of exposure to ionizing radiation are believed or assumed to

“be proportional to the dosimetric quantity of dose equi_valent or quantities derived from the
dose equivalent (i.e., effective dose equivalent, c‘omg;itted dose equivaleht,' and committed
effective dose equivalent). ‘The International Commission on Radiological Protection (ICRP)
has used the term "committed” to describe the dose equivalent and the effective dose
equivalent received over a 50-year interval from a single year of intake. ICRP recommended
limits for internal exposures use 50-year committed dosimetric quantities. Historically, some
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U.S. Government regulatory agéncies have used the quantities of dose equivalent and effective
dose equivalent calculated for a single year. With the publication of the USDOE Radiological
Control Manual (USDOE, 1992), the USDOE adopted the use of committed dosimetric
quantities. Committed dosimetric quantities are always greater than or equal to annual doses

- and their use is always conservative, assuming the same dosimetric model is used. Since the
use of committed doses is consistent with International Commission On Radiation Protection
(ICRP) recommendations and the guidance in the USDOE Radiologibal Control Manual, all
radiation standards used in this assessment will be assumed to be set in committed dosimetric
quantities. The specific quantities used throughout this report are the committed effective dose
equivalent (CEDE) and the (TEDE) as defined by USDOE (1992). " '

§

1.3.1 USDOE Order 5820.2A, Radioactive Waste Management

Performance objectives for the management of LLW are; contamed in USDOE Order 5820.2A.
The perforrnance objectives are:

1 - Protect public health and safety in accordance with standards specxﬁed in applicable o
~ EH Orders and USDOE Orders. . : '

2. Assure that external exposure to the waste and concentrations of radioactive material
which may be released into surface water, groundwater, soil, plants, and animals

g result in an effective dose equivalent that does not exceed 25 mrem yr™’ to any
member of the public. Releases to the atmosphére shall meet the requirements of
40 CFR 61. Reasonable effort shall be made to maintain releases of radioactivity in
efﬂuents to the general environment ALARA. '

Assure that the committed effective dose equivaients received by individuals who
inadvertently may intrude into the facility after the loss of institutional control (100
years) will not exceed 100 mrem yr~! for continuous exposure or 500 mrem for a
single acute exposure. o ' :

© 4. Protect groundwater resources consistent with federal, state, and local requirements.

The performance objectives above include additional standards. ~The first performance
objective invokes other EH Orders and USDOE Orders épplicable to the protection of public
 health and safety. USDOE Order 5400.5, Radiation Protection of the Public and the |
Environment (USDOE, 1990),.1s the principal USDOE radiation protection standard for the
public. The second performance objective cites 40 CFR;61, the National Emission Standards

1-5
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- for Hazardous Air Pollutants (NESHAP) The limits contamed in the second performance
objective are assumed to be a TEDE.

- The third performance objective sets limits for inadvertent intruders, who are assumed to be
individuals that enter the disposal site with no knowledge of its existence and expose buried
waste. Individuals aware of buried radioactivity are assumed capable of identifying and

managing radiological hazards. The limits for inadvertent intruders are 500 mrem for a sihgle :

event up to five years in duration and 100 mrem yr™' for chronic exposures to individuals
occupying the site for longer periods. The intruder limits are assumed to be a TEDE.

The fourth performance objéctive requires that groundwaters are protected as required by all
applicable regulations; however, there are no applicable groundwater protection standards for
LLW disposed of at the Area 5 RWMS. The State of Nevada has promulgated standards for
underground water and wells in Nevada Administrative Code (NAC) 534 and for public

- drinking water supplies in NAC 445. The latter standard includes the Environmental -
Protection Agency (EPA) National Interim Primary Drinking Water Regulations, 40 CFR 141,
with additional state standards. The State of Nevada standards do not directly deal with
protection of groundwater resources. The USDOE Nevada Field Office groundwater
protection policy is to prev?nt or minimize the migration of pollutants to the groundwater
while performing their mission of underground nuclear weapons testing (USDOE/NV, 1993b).
The objective of this policy is to prevent groundwater contamination whenever possible.
Characterization data for the uppermost aquifer indicates that the aquifer is a potehtial source
of drinking water and preserving itassuchisa conservative groundwater protection policy.
Therefore, the adopted performance objéctive is that the uppermost aquifer is maintained to
meet State of Nevada drinking water standards.

1.3.2° USDOE Order 5400.5, Radiation Protection of the Public and Environment

USDOE Order 5400.5 sets radiation protection standards for the public and environment.
Standards applicable to LLW disposal are set for all USDOE exposure modes, airborne
emissions, and the drinking water pathway. Standards covering management and storage of
‘spent nuclear fuel, high-level, and TRU wastes (paragraph c.) are not appliéable to LLW
disposal. The applicable standards in USDOE Order 5400.5 are:

a. - USDOE Public Dose Limit--all exposure modes, all USDOE sources of radiation.
The exposure of members of the public to radiation sources as a consequence of all
routine USDOE activities shall not cause, in a year, an effective dose equivalent
greater than 100 mrem. The dose limits also apply to doses to individuals who are



,

remed1a1 activities and release of the property

b. Airborne Emissions Only, all USDOE sources of radionuclides. To the extent .
required by the Clean Air Act, the exposure of members of the public to radioactive
materials released to the atmosphere as a consequence of routine USDOE activities
shall not cause members of the public to receive, in a year an effective dose
equivalent greater than 10 mrem. : :

c. Not applicable. -

d. Drinking Water Pathway Only, all USDOE sources of radionuclides. It is the policy
~ of USDOE to provide a level of protection for persorls consuming water from a

public drinking water supply operated by the USDOE, either directly or through a
USDOE contractor, that is equivalent to that provided to the public by the public
community drinking water standards of 40 CFR 141. The liquid effluents from
USDOE activities shall not cause private or public drinking water systems
downstream of the facility dlscharge to exceed the drmklng water radiological limits
in 40 CFR 141. *

The above requirements establish severéii“iiérfohnance objectives that must be considered in
addition to those contained in USDOE Order 5820.2A. Paragraph (a.) of USDOE Order
5400.5 sets a dose limit of 100 mrem yr~* for all USDOE exposures. Radionuclides
attrlbu_table to NTS activities were not detected in the offsite monitoring network during 1992,
the most recent year that data were available (USDOE/NV, 1993a). Offsite doses from NTS
atmospheric emissions were estimated to be 0.01 mrem in the 1992 NESHAP compliance
report (REECo, 1992). These data suggest that doses from NTS operations are currently
negligible. Doses received by persons residing on the NTS after loss of institutional control

~are more difficult to predict. It has been assumed that all USDOE exposures from the NTS

excluding LLW, will amount to less than 75 mrem yr™'. Therefore, the full 25 mrem yr!

~ allowable for LLW disposal can be used as the performance objective. Paragraph (d.)

specifically requires that drinking water supplies impacted by USDOE activities meet

" 40 CFR 141. As noted above, this standard has been‘adop'ted for the drinking water pathway.

1.3.3 40 CFR 61, National Emission Standards for Hazardous Air Pollutants

USDOE Order 5820.2A requires that airborne emissions meet the requirements of 40 CFR 61.
Subpart H applies to emission of all radionuclides, other than \radon, from USDOE facilities.
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Table 1.2. Summary of adoptéd pcr_formance'objectiVes‘ for the period of active institutional

control.

Period of
Active
Institutional
Control

~ All Pathways |
(excluding airborne

emissions)

Air Emissions

(excluding radon)

Air Emissions
(radon only)

Groundwater

: Inciian

Spjrings, NV

_ Indlan

Springs, NV

Waste Cell
Cap

: Uﬁpermost

Alluvial

'Aquifer

25 mrem yr

10 mrem yr*

20 pCim=2s!

4 mrem yr!

" Table 1.3. Summary of adopted

period.

performance objecti\"es‘jf for the post-institutional control

Post-
Institutional
Control

All Pathways
(excluding airborne
emissions) .

Air Emissions

(excluding radon)

Air Emissions

- (radon only)

Groundwater

) Cane Springs

and Indian
Springs, NV

Céhe Springs
and Indian
Springs, NV

- Waste Cell.

Cap

Uppermost |
Alluvial
Aquifer

25 mrem yr!

10 mrem yr !

20pCim>?s™

4 mrem yr'!




Table 1.4. Summary of adopted. performance objectives for inadvertent intrﬁders. |

' Post-
Institutional
.Control

Al | Acute (<5 years) 500 mrem
Pathways Chronic (>_5 years) 100 mrem yr!

' 1.4 PERFORMANCE ASSESSMENT METHODOLOGY
The methodo_logy employed for the preparation of the performance assessment has been to
follow a logical sequence of steps as described by Case and Otis (1988). Performance
assessment is an iterative process that proceeds sequentially from site characterization to
conceptual model development, to outcome modeling and back to site characterization for the
next cycle. . This iteration or revision uses much of the methodology of earlier versions, but
differs in the greater use of site-specific data for scenario development, model '

- parameterization, and development of 'a refined conceptual model of the vadose zone.

The initial step in performance assessment is to set the scope of the analyses and identify the
performance objectives. These activities have been documented in Chapter 1. ‘

The next Stép-is to document relevant site characterization data. This assessment describes
and evaluates additional site characterization data as directed by the USDOE Peer Review
Panel. Site characterization data has been documented in Chapter 2.

Chapter 2 also discusses the site inventory. The inventory used in this assessment has been
limited to wastes disposed of from the implementation of USDOE Order 5820.2A. Raw
inventory data obtained from the site database records have been critically evaluated and
revised. However, the inventory data still contain significant uncertainties. A specific
inventory has been analyzed to assure that there is a reasonable probability that past disposals
can meet the performance objectives. Continuing assurance of compliance will be provided by
developing radiological waste acceptance criteria based on this assessment and applying these

limits to future disposals.



.

Chapter 3 'describes the analyses conducted to assess compliance with the performance
objectives. The analysis of performance begins with developmg and selecting scenarios for
evaluation. Several deterministic site-specific scenarios have been developed. A scenario is
defined here as a description of all the features, events, and processes influencing the waste
disposal system performance. Each scenario consists of several scenario modules that have a

- corresponding conceptual model and mathematical model. Scenarios are developed by

preparing a comprehensive list of features, events, and processes. This list is then screened to
remove processes or events that will not influence performance, are deemed physically
_the NTS. are extremely rare or imnrohable events. or are outside the scope of




- 2.0 FACILITY DESCRIPTION

2.1 GEOGRAPHY

The NTS is located in southern Nevada, épproxim_ately 105 km northwest of Las Vegas

(Figure 2.1). Approximately 3,500 km® of land is encompassed by the current site boundary.
- The NTS is surrounded on the east, north, and west by. two restricted access Air Force

facilities, the (NAFBBGR) and the (TTR). The combined area of the NTS and the

"surrounding Air Force-controlled land, referred to as the NTS-NAFBBGR complex, is-

approximately 14,200 km®. The NTS-NAFBBGR complex is isolated further by U.S.
‘Department of Interior-controlled land that surrounds much of the complex. Counties falling
within an 80 km radius of the Area 5 RWMS include portions of Nye, Lincoln, and Clark
Countles in Nevada and Inyo County, California.

Las Vegas is the largest major metropolitan area near the NTS. Other population centers
surrounding the NTS—NAFBBGR complex and their distances from the Area 5 RWMS are:
Indian Sorings (42 km). Lathrop Wells (52 km). Pahrump (80 km). Beattv (82 km)_Alamo
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permanent settlement closest to the RWMS is Indian Springs.

DOE opérations on the NTS have been conducted in five major areas: Yucca Flat, Rainier

Mesa, Pahute Mesa, Frenchman Flat, and Jackass Flats (Figure 2.2). Yucca Flat is a large

alluvium-filled, closed basin in the northeast corner of the NTS. It has been used for both
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Figure 2.2 - Location of the Area 5 RWMS ;J.nd major operaﬁona_l areas on the NTS.
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by Mount Salyer. Frenchman Flat playa, a dry lake bed at the phys1ographlc low of the
basin (939 m above mean sea level), occuples approxrmately 14 km2 and is perhaps the most

promment feature of the basin.

The Area 5 RWMS is Iocated in the northern reglon of Frenchman Flat on three coalescmg
“alluvial fans which extend southward from the Halfpint, Range The RWMS elevation ranges
from 969 to 975 m above mean sea level. The RWMS is 3.8 km north of the playa and 30

to 36 m upslope of the playa.

The other major facilities within Frenchman Flat are the Lit;uiﬁed Gaséous Fuels Spill Test
Facility (LGFSTF), located to the south on the playa, and the Device Assembly Facility

the atmospheric dispersion of volatile or gaseous hazardous materials.

Frenchman Flat has been the site of 19 nuclear tests and several safety tests. Five
underground nuclear tests have been conducted approximately 3.5 km to the south and
2.4 km to the northeast of the RWMS (Figure 2.3). Fourteen atmospheric tests were
conducted over or in the immediate vicinity of the Frenchman Flat playa. Several safety
tests have been conducted at the GMX site, 1.8 km to the southeast of the Area 5 RWMS.

22 METEOROLOGY AND CLIMATE

. The climate and meteorology of the NTS and Frenchman Flat have been summarized
previously by Winograd and Thordarson (1975), Case et al. (1984) Magnuson et al. (1992)
and REECo (1993a) _

2.2.1 Climatic Setting

- The NTS lies within a region of the southwestern United States known for its.arid
intermountain deserts. Orographic lifting of humid Pacific air masses by coastal mountain
ranges to the west causes a majority of the moisture destined for the continent to fall on the
inter-coastal mountain ranges before reaching the mtenor The NTS lies in a region that 1s

. transitional between the Great Basin Desert and the Mohave Desert. The climate is
characterized by a large number of cloudless days; low: ‘precipitation, and high daily
temperatures, especially in the summer. Death Valley, the driest region of the country, ‘
with summer temperatures greater than 49° C and an annual rainfall averaging 4.3 cm (Hunt
et al. 1966), lies approxrmately 80 km to the southwest: of the NTS

. s . .
. . . . )

- (DAF), located approximately 10 km to the northwest. ‘' The LGFSTF is used for research on . -






2.2.2 Precipitation

Annual precxpltanon over the NTS ranges from 8 to 25 cm dependmg on the elevatlon
(Figure 2.4). Valley floors such as Frenchman Flat tend to be arid while higher mountains
such as Pahute Mesa are sub-humid. The average annual precipitation in Frenchman Flat is
approximately 12 cm. Table 2.1 summarizes the monthly precipitation for a 30—year period
from January 1963 through December 1993 at Well 5B in Area 5.

i

- Rainfall varies markedly with the seasons as well as with elevation. The majority of rain
falls during two peak seasons, with a greater peak in the winter and a lesser one occurring
during the summer months. This bl-modal preCIpltatlon pattern is the result of the formation
of two distinctive global weather patterns that develop during the summer and winter quarters

(Fieyre 2.5). During the summer. the lower Great Basip exneriences freanent intrusions of




Table 2.1. Monthly precipitation (cm) for the period from Jamiary 1963 to December 1 993 at Frenchman Flat (Well 5B).




Table 2.1. continued.
92 | 0.813 | 3.327 | 3.835
93 5.029 6.807 1.397 0.025 -

MEAN | 1.575 1.499 1.397 | 0.737 0.762 0.305 1.067 1.346 0.940 0.635 1.092
MIN - - - . - - - - - - -
MAX | 5.029 7.087 6.096 4.216 5.004 2.235 6.655 9.500 5.486 2.870 3.531

Sp 1.575 1.981 1.626 1.016 1.016 0.483 1.448 2.032 1.321 0.787 ~1.168
T "--" indicate zero precipitation. '
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23 GEOLOGY
2.3.1 Regional Geology

The NTS lies almost entirelSr within the Basin and Range physiographic province of the
western United States. This province is part of the Intermontane’ Plateau unit of the Western .
Cordillera. The NTS rests on the edge of the transition zone between the stable craton to the
east (Colorado) and the miogeosyncline to the west (Burchfiel et al. 1974), as evidenced by
the stratigraphy in the nearby Spring Mountains. '

The NTS lies near the western margin of the North American continent, in ciose preximitjy
to southern California and its associated San Andreas Fault System. The San Andreas
seismic zone is a large transform fault system within the continental margin which has
historically exhibited a great deal of seismic activity. This tectonic setting and associated

- mountain buildine dyrine the Cordilleran Orogenv (130 to 66 Ma) is resnonsible for

extensive thrust faultmg, strike slip faultmg, and block faultmg thIoughout the Basin and
Range Province. : '

.Modern block faultmg On an enormous scale has lead to the formation of numerous basins

- and ranges striking north-northeast throughout Nevada and the NTS (Zoback and Zoback,
1980). It is believed that the cause of this massive faulting is west-northwest to east-
southeast deep crustal extension (Stewart, 1971; Zoback and Thompson, 1978; ‘Wernicke et
al. 1982; and Anderson et al. 1983); however, both the mechanism and the behavior of the
faulting are still under debate (Brocher et al. 1993; Benz et al. 1990; Catchings and Mooney,
1991; Holbrook: et al. 1991; Kruse et al. 1991). Whatever the mechanism, the geologic
history of the Basin and Range Province has been long and complex. It is clear that a wide
‘variety of rock types, both sedimentary and volcanic in origin and extending in age from
Precambrian (570 Ma) to the present, have been subjected to deposition, compressive
stresses, and extension on a very large scale (Judson et al. 1976; Allmendinger et al. 1987).

The regional geology within the NTS has been summarized in the work of Winograd and
Thordarson (1975). Contributions by others regarding regional and site-specific issues
includes the works of Carr: (1974, 1984), Carr et al. (1967, 1975), Hudson (1992), Hoover
(1968), Burchfiel (1964), Fleck (1970), Frizzell and Shulters (1990), RSN (1991a), Dozier
and Rawlinson (1991), and Miller et al. (1993). These studies allow an interpretation or
classification of the stratigraphy beneath the NTS, based on a hydrologic framework, intc

3 eight primary units with associated lithologic character. These units were deposited over
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long periods of geologic time, under varyiﬂg depositional enyironments. The lithologies
range from clastic and carbonate rocks in the bottom sections to volcanic clastic deposits of
ash-fall and ash-flow tuff, rhydlites, and basalts in the upper sections. The topmost unit on
which the Area 5 RWMS is located consists of unconsolidated valley fill alluvium. ‘A
summary of the general stratigraphy beneath the NTS, including lithologies and mode of
emplacement, appears in Appendix B. ‘

2.3.2 Geology of Frenchman Flat and the Area 5 RWMS

Frenchman Flat is a closed basin bounded by the Halfpmt Range to the north, the Ranger
" Mountains and the Spotted Range to the east-southeast, and Mount Salyer to the west
(Figure 2.7). It ranges in elevation from approximately 1,600 m above mean sea level in the
surrounding mountain ranges to 940 m at its lowest point, a dry lake bed, known as the
Frenchman Flat playa or Frenchman Flat Lake. The Frenchman Flat basin is filled with
alluvial sediments up to 600 m deep at their thickest point. The basin drains a 1,200 km?
watershed. ' ,

2.3.2.1 Structural Features

Carr- (1974) outlmed the early structural development of the northern portion of Frenchman
Flat. The early structural ‘development. is attributed to late Pliocene movement along several
major fault systems associated with the initiation of Basin and Range tectonics. These
systems include the Cane Springs'Fault and the Rock Valley Fault Systems (Figure 2.8). .
Later, during the early and middle Tertiary, the valley continued to widen as ash-flow and
ash-fall tuffs were deposited. The Cane Springs Fault plays an active role in the contmumg '
development of the basin (Carr, 1974) although the rate of basin subsidence is unknown
(RSN, 1991a)

_ The Area 5 RWMS appears to lay upon a stable downthrown block, surrounded by nearby
. seismic features. Locally active faults near the Area 5 RWMS include the Cane Springs and
Rock Valley Fault Zones (Figure 2.8). The Cane Springs Fault Zone, a left-lateral strike-
slip fault trending northeast, lies approximately 6.4 km to the west-northwest of the RWMS.
+ The younger Rock Valley Fault System (Holocene) also trends to the northeast but exhibits
more dip-slip characteristic of block faulting. This zone to the south of the Frenchman Flat
~ playa, approximately 9.6 km from the RWMS. The so called Frenchman Flexure Zone, a
northwest trending pattern of arcuate structure approximately 6.5 km northwest of the
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RWMS in the southern extreme of the Halfpint Range, has been shown by Hudson (1992) to
be an artifact of stress caused by adjoining blocks rather than a major structural feature in the
area. -

A number of linéaments are apparent within the northern portion of Frenchman Flat (Miller
et al. 1993). Continuing studies by Raytheon Services Nevada (RSN) (1993) are
investigating their. occurrence and possible impact on the RWMS’ ability to comply with the
surface-fault-related disposal criteria set forth by the Resource Conservation and Recovery
Act (RCRA) under 40 CFR 264.18. Part of the assessment includes an examination of the
apparent faulting in Scarp Canyon and other erosional features in the vicinity of the RWMS.
A review of borehole logs and reports (as well as magnetic, gravity, and resistivity surveys)
may suggest the presence of buried linear anomalies near the RWMS. Evidence suggesting
faulting in the area of the RWMS was found with a high-resolution CSAMT (controlled . .

- source audio-frequency magnetotellurics) survey by Zonge Engineering (1990). This report
" described a conductor at a depth of 500 m that may be interpreted as saturated ash—ﬂow tuff
which appears to show some form of discontinuity.

To help identify faults of regulatory significance that could impact the facility, lineaments
have been mapped using remotely sensed data (Miller et al. 1993). These data include color -
-and infrared aerial photography, and side-looking airborne radar images. To date however;
the only lineament confirmed to be fault-related and associated with surficial deposits is
located 3.5 km northwest of the RWMS in the longitudinal valley of the Massachusetts
Mountains, part of the Halfpint Range. The faulting is estimated as late-Tertiary to-
Quaternary in age, based on faulting of conglomeritic alluvium overlying an ash deposit
tentatively correlated with the Frenchman Flat Ash, which is estimated to be older than

2.9 Ma (Izett, 1988). Excavations and trenches to the northeast of the RWMS did not
“identify any surficial faulting associated with erosional scafps in the area, (RSN, 1993), nor -
was'any evidence of faulting uncovered during mapping of alluvium in pit walls within the.

- RWMS (Snyder et al. 1993). |

2.3.2.2°  Potential for Seismic Activity

Rogers et al. (1977), Campbell (1980), Battis (1978) and Hannon and McKague (1975) have
conducted seismic hazard studies of the NTS. They agree that the predicted maximum ;
magnitude for an earthquake ranges from 5.8 to 7.0, with peak accelerations of 0.7 to 0.9 g.
The estimated return period for the largest amplitude earthquakes expected (5.8 to 7.0)
Tanges from 12,700 to 15,000 years. These data suggest that there is the potential for a
laroe earthanake somewhere within the NTS during the next 10.000 to 15.000 vears,




’ -

. The probability of the occurrence of at least one earthquaké greater than 6.8 on fhe Richter
, ~ scale is estimated in Appendix B. These calculations sugggst there is about a 50 percent
l chance of one or more earthquakes greater than 6.8 in the next 10,000 years. o

Desnitg the mederate risk of seismic activitv. the limited use of engineered structures at
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flow was encountered 268 m below the surface in borehole UESi, and a basalt rubble was
found about 275. m below the surface at-borehole UESk (F'igure 2.3). The location of the
eastern edge of the flow was determined by geophysical means (Carr, 1974). The ages of
the basalt in UESi and UE5k have been established at 8. 6 and 8. 4 Ma respectwely (RSN
1994).

‘) N .
'.‘ v

Data concerning the hazards of future volcanism in the NTS region have been acquired from

ongoing assessments of the volcanic hazard at Yucca Mountain. These data have been used

to assess the potential for renewed volcanic activity in Appendlx B. This analysis mdlcates

that volcanism is unlikely to have any 1mpact on the mtegrlty of the Area 5 RWMS over the
" next 10,000 years.

2.3.2.4 Local Stratigraphy _

-

The stratigraphy of rock units from the surface to the lower carbonate units directly beneath
‘Frenchman Flat is known to a reasonable degree based on both surface and subsurface
- investigations. These include numerous borehole descriptions collected to support -
underground'testfmg, published well logs collected near the Area 5 RWMS (RSN, 1991b),
core cuttings from the Pilot Wells (REECo, 1993b), investigations of surficial geology (RSN,
1991a; Frizzell and Shulters, 1990), CSMAT surveys (Zonge Engmeermg, 1990), and
‘ grav1ty data (Mlller and Healey, 1965).. -

Subsurface Observations

The Area 5 RWMS is built upon alluvium derived in part from the Tertiary volcanic rock
exposed in the nearby Massachusetts Mountains and the Halfpint Range, as well as.
carbonates, quartzites, and other .sedimentary rocks from the Nye Canyon area (Snyder et al.
1994). The thickness of the alluvium varies from zero at the edges of the basin to
approx1mately 600 m in the center near the Frenchman Flat playa. The alluvial sediments
. are estimated to be Middle Miocene to Quaternary in age. The thickness of the alluvium is
estimated to be between 360 and 460 m thick directly beneath the Area 5 RWMS. |

~ -Beneath the alluvium lies a layer of interbedded Tertiary ash-flow and ash-fall tuff, estimated
to be over 550 m thick. Well log data suggest that these units are predominantly Timber
Mountain ash-flow tuff and tuff of the Wahmonie Formation (RSN, 1991b). More recently,
site characterization studies (REECo, 1993b) identified lithologies, similar to the Ammonia
' Tanks Member of the Timber Mountain Tuff, 180 m beneath the surface in Pilot Well

UESPW-3. which is located apnroximately ] 8 km o the northwest of theagize RRAL
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(Figure 2.19). The thick wedge of ash-flow and ash-fall tuff is underlain by an undeterinined
thickness of Paleozoic carbonate rocks and other lithologies down to the Precambrian
basement. '

Basalt flows found to be overlying alluvial sediments in boreholes UESi and UESk have been
dated to be 8.6 and 8.4 Ma old. - The accumulation of sediment beneath the basalt suggests .
that the basin was present in some form and was‘ac'cumulating sediment prior to about

- 8.5 Ma. Also, the occurrence of the basalt at a similar depth in boreholes 2 km apart
suggests that either the basalt layer is on a single fault block or that minimal fault activity has
taken place smce emplacement (Snyder et al. 1994).

The uppér surface of the basement carbonate and clastic rocks in Frenchman Flat has been
~ estimated from gravity data (Miller and Healey, 1965) to be 1,400 + 150 m deep in the
north-central portion of the basin. This gravity minimum in the north-central portion of the
basin (Figure 2.10) does not correspond to the present day topographic low at Frenchman
Flat playa indicating that the thickest section of alluvium in the basin lies a few thousand
~ meters southeast of the RWMS. The gravity data suggest that the upper surface of the
carbonate is approxnnately 1,340 + 150 m below the surface at the Area 5 RWMS.

' Near-Surface Observatipns of Alluvial Sediments
The near-surface stratigraphy of alluvial sediments has been studied in detail to a depth of

approximately 11 m (RSN, 1991a; Snyder et al. 1993). The near-surface structure displays
features expected for lower-middle to distal alluvial fan deposition, including sheet-flood,

stream channel, and debris flows. A grain-size analysis reveals alternating sequences of fine -
and coarse grained sediments, with occasional lenses of very coarse stream channel deposits -

(RSN, 1991a). All of the deposits are unconsolidated and were caused by water-based

| deposition. The debris is composed predominately of pyroclastic tuff clasts with lesser
amounts (averaging S to 10 percent) of non-volcanic claSts. The lithology of the deposits,
combined with paleo-flow. estimates, suggests that deposition was from the north or
northeast, e. .g. the Scarp Canyon and Nye Canyon watersheds are the source for most of the

sediments.
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- Six alloétratigraphic units have been identified and mapped in the vicinity of the Area 5
RWMS. These units were found to be remarkably continuous both along pit walls and
among the pits, although they varied internally somewhat according to grain size, sorting,
clast abundance, and bedding. Sedimentary structures are common in the dep()sits observed - .

igthe waste pits and trenches and consist of two tvnes: (1) dgpositional structures _or those

|

cut-and-fill) and (2) post-depositional structures such as animal burrows, roots, or rhizoliths.
Planar-bedding is much more common than cross-bedding in the sheet-flow deposits at the
RWMS, and may indicate the occurrence of 'relatively high-velocity flow events in the past.‘
Some accumulation of calcium carbonate, in the B and BC horizons as coatings on clasts and
with pendants of pebbles and sand beneath, indicates repeated periods of surface stability in

the Quaternary. '

)
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Chemical Composition of the Alluvial Sediments

- The composition of sediments mav be useful in determinine the (historv of lithification) and



 Particle Size Analysis

Particle size distribution can influence the hydraulic conduct1v1ty of porous medla and
reflects the uniformity of an aquifer material. Particle size analysis by both the wet and dry .
sieve methods were performed on drill cuttings and core samples from all three Pilot Wells
(REECo, 1993b). The particle size analysis was limited to material less than the size of the
core diameter (e.g., cobbles or boulders larger than approx1mately 0.09 m are not recovered

~ in core samples). ‘
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Interpretation of the vertical distribution of gravel, sand, and fines within the three Pilot
Wells varies according to perspective, hydrologic or geologic When the data are smoothed
- to remove spikes from local heterogeneities, UESPW-1 and UE5PW-3 exhibit an overall
fining upward sequence, and UESPW-2 appears to have two fining upward sequences, one
from 125 m to the surface, and another from the bottom of the borehole to125m. Ina
gross sense, with the exception of UESPW—2 the profiles are essentlally constant with depth,
both within and among the wells as shown in Figure 2.11. Table 2.2 shows the relative
percent of materials falling into the gravel, sand, and silt/clay size fractions, which were- |
determined from analyses on 2,100 core samples at 0.76-m intervals from the Science Trench
B_o.;;}}olesiREECo, -1993c). ‘
—
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with water. In general, there exists an inverse relationship between the thickness of an
unsaturated zone and the amount of precipitation available on the surface. This relationship o
holds true at the: NTS, where annual rainfall is small and the unsaturated zone is very thick.

" Winograd and Thordarson (1975) found that the depth to saturation (excluding any perched

water) varies from 200 to 600 meters below the valley floors and even more below mountain

~ ridges.

~ Beneath the unsaturated zone and the water table lies the saturated flow regime. At the NTS,

infiltration from above and from horizontal movement within the aquifer itself is a function
of the prox1m1ty of the aquifer to the surface and the hthology of the overlying rock units.

2.4.1.2.1 The Saturated Flow Regime Dlstnbutlon and Character of Principal Aquifers
and Aquitards :

The lithology and structure of the stratlgraphy beneath the NTS play an important role in the
occurrence and movement of groundwater flow. Wmograd and Thordarson (1975)
characterized the hydrologic properties of the geologlc section .into several aquifers and
aquitards, based on their lithology and water-bearing characteristics, as shown in .

Figure 2.13. It should be emphasized that Figure 2.13 is a highly idealized conceptual
perspective on a very complex region. Because of erosion and structural deformation, both

 the stratigraphic section and the idealized hydrogeologic sections shown may not exist in

their entirety within the NTS. For example, near Mercury Ridge the structural deformation
and erosion of overlying layers have exposed the lower clastic and carbonate rocks at the
surface. In other areas, the upper carbonate and clastic rocks are completely absent (see
Frizzell and Shulters, 1990) The only hthologlc units with extensive areal coverage and

- subsequent control of deep regional groundwater movement are the lower clastic aquitard and

. s

the lower carbonate aquifer.

The extensive structural and erosional history of the stratigraphic section has resulted in a.
highly variable distribution of hydrologic units from basin to basin within the NTS. A unit
forming a thick unsaturated outcrop on a ridge may_ be deep in the saturated zone in an
adjacent valley. This can be observed in the northwest portion of the NTS, which is
characterized by high mesas outcrops of lava and ash-flow tuff. Some units which form
outcrops on the mesa are buried beneath 1,000 or more meters of alluvium in Yucca Flat and -
Jackass Flats. Further south and east, in the vicinity of Frenchman Flat, tuff is completely
absent on the ridges near Mercury, where erosion and folding have exposed the

- Paleozoiccarbonates. Thus it is apparent that both the surface and subsurface extent of the

hydrogeologic units presented in Figure 2.13 vary from valley to valley throughout the NTS.
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The deepest saturated ﬂowbre'gime occurs -in the lower carbonate aquifer. Although other
stratigraphic units play some role within the saturated flow regime at various locations within
the NTS, the lower carbonate aquifer provides the primary drainage for a large number of
interconnected basins. This drainage occurs by horizontal movement of water through
primary' interstices and fractures in response to a largely horizontal hydraulic gradient at '
depth. The aquifer is generally confined above by either-the upper clastic or bedded tuff
aquitard, except where it occurs near the surface in outdrops such as in the ridges near
Mercury. The aquifer is replenished primarily through horizontal flow from adjoining
valleys and limited vertical flow from overlying strata. In geperal, the regional saturated
subsurface hydrology in the NTS is dominated by deep honzonral flow within this aqulfer
which is overlain by a thick zone of unsaturated media of varying hthologles

Figure 2.13 shows the four primary lithologies controlling the movement and occurrence of

- groundwater at the NTS: valley fill alluvium, tuff, clastic rocks, and carbonate rocks. The

ability of each rock to store and transmit water is a function of the available primary
interstitial porosity and secondary openings, joints, and fractures. In general, alluvium,

welded tuffs, and carbonates form aquifers whereas the bedded tuffs and clastic rocks tend to
: form aqu1tards that retard water movement.

, Wiuograd and Thordarson (1975) have described suites ‘of rock facies and lithologies which

exhibit similar hydrologic character. These hydrologlc units are presented below from the
bottom to the top, oldest to the youngest TInterstitial porosmes and hydraulic conductivities

of these unifs arg summarized in Table 2.3.




Table 2.3. continued.
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saturation. Elsewhere within the NTS, the unit is under saturated confined conditions deep
beneath overlying units of limestone and tuff. The unit has not been penetrated by any wells
within Frenchman Flat or in the vicinity of the Area S RWMS, but it is believed to exist -
beneath the carbonate aquifer at great depth. : :

Lower Carbonate Aquifer

Nine formations composed primarily of limestone and dolomite are classified within this
sequence. The units range from the lowermost Carrara silty-limestone formation, which
forms a transition zone to the clastics just described, to the highly permeable Devils Gate ,
limestone. The carbonate unit primarily lies deep within the saturated zome at the bottom of
the stratigraphic column beneath practically all the basins including Yucca Flat, Jackass '
Flats, and Frenchman Flat. Winograd and Thordarson (1975) also noted that, due to thrust

'_ faulting, low-angle normal faulting and the existence of the extensive caldera complex to the
northwest of the NTS, the carbonate aquifer underlying most of the NTS may not be
“hydraulically continuous with the same units to the northwest (if, indeed, they do exist
beneath the calderas).

The lower carbonate aqu1fer is unsaturated only where it outcrops as topographlcal hlghs
such as in the Halfpint Range, Ranger Mountains, and ridges near Mercury in the east and
southeast portions of the NTS (Figure 2.7). Although the lower carbonate aquifer has
experlenced the same degree of deformatlon fractunng, and brecciation as the underlying
lower clastics, the fractures and joints have not experienced the same degree of cementation
and thus are much more permeable to groundwater flow. | ' '

The average intercrystalline matrix poroéity of the carbonates is very low. It has been
estimated from core samples by Winograd and Thordarson (1975) at 5.4 percent, with a
- range from 0. 4 to 12 4 percent Winograd and Thordarson also determined the
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Winograd and Thordarson (1975) that the wide variation in transmissivity could be the result
of structural differences within the aquifer rather than changes in bulk lithology. This is
because the observed variation occurred in five wells known to tap the aquifer in the upper

- brecciated plate of a low-angle thrust fault. Despite these local variations, there is evidence

that the fracture transmissivity of the lower carbonate aquifer as a whole may be

~ homogeneous, even though it exhibits local inhomogeneities. Winograd and Thordarson
(1975) showed semilog time-drawdown curves for various wells where the second limb

exhibited a constant slope, resembling curves for a grossly homogeneous aquifer. This

conclusion is supported by model studies of Warren and Price (1961) and Parsons (1966).

The lower carbonate aquifer plays a very active role in the deep regional saturated hydrologic
regime because of its great thickness, hydrologic characteristics, and extensive areal
coverage. There are three sources of recharge for the aquifer: (1) precipitation at high
elevations where the aquifer outcrops at the surface, (2) downward leakage of water from the
overlying Cenozoic hydrologic units, and (3) lateral underflow into the aquifer from outside
the immediate region. Downward leakage from overlying hydrologic units is considered
secondary to the other sources of recharge, and has been estimated tobe 1t05 percent of
total recharge (Winograd and Thordarson, 1975).

Upper Clastic Aquitard

The upper clastic aquitard consists of the entiré thickness of the Eleana Formation. Because

of its limited extent, the aquitard is hydrologically important only beneath the western portion -

of Yucca Flat and northern Jackass Flats, where it is fully saturated and is more than

1,000 m thick. In this location, it hydraulically connects the upper and lower carbonate
aquifers; elsewhere within the NTS, it has either been completely eroded or occurs far above
the regional water table (Winograd and Thordarson, 1975). ' '

The total interstitial porosity ranges from 2.0 to 18.3 pércent, with an é.verage of
7.6 percent. Similar to the lower clastic aquitard, it is believed to exhibit little to no fracture

permeability.

Upper Carbonate Aquifer

The upper carbonate aquifer is composed of only one unit, the Tippipah Limestone. Similar
to the upper clastics, it is only of hydrologic significance beneath the western one third of

_ Yucca Flat (at an elevation below 1,160 m), where it is saturated. Otherwise_, it has been
completely eroded or occurs in mountain iidges well above the regional water table
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structural lows, such as Frenchman Flat, it is estimated to be in excess of 1,370 m thick
beneath the alluvium. Because of its relatively: large areal extent and thickness, it may be a.
major barrier within the saturated zone, preventing large scale movement of water into the
more permeable carbonates below.

Lava Flow Aquitard

The lava flow aquitard is composed of dacite lava flows of the upper Wahmonie Formation. .
It is restricted to a small area in the central portion of the NTS north and west of Mount
Salyer and the Cane Springs Fault (Figure 2.8). Occurrence and movement of groundwater
within the unit is observed only on a 'highly localized scale, primarily through fractures.

Although the estimated hydraulic conductivity may be as high as 20 m day™!, evidence
suggests that the gross conductivity is much less, due to the occurrence of perched water
(Winograd and Thordarson, 1975). The mterstmal porosity of the flows ranges from 5.7 to
14.1 percent (Johnson and Ege, 1964) C

Welded Tuff Aquifer

The welded tuff aquifer includes the Topopah Spring and Tiva Canyon members of the.
Paintbrush Tuff, and the Rainier Mesa and Ammonia Tanks members of the Timber
Mountain Tuff (Figure 2.13). Although the aquifer extends throughout the NTS, it is
important only for the deepest portions of a few basins where it occurs within the saturated
zone, often beneath valley fill alluvium. The aquifer is believed to underlie a portion of the
alluvium upon which the Area 5 RWMS sits, as evidenced by outcrops in the nearby
Massachusetts Mountain and core data from Pilot Well UE5PW-3 located approx1mately

2 km northwest of the site.

As the name implies, the tuff units comprising the aquifer have experienced varying degrees
of welding and cbmpaction causing a great variation in both porosity and permeability.
These zones, which are densely welded, have less than five percent- por051ty, while the
nonwelded basal or top portions of individual units may show porosities in excess-of

50 percent (Winograd and Thordarson, 1975). Along with welding, the units exhibit a fair
degree of columnar jointing and foliation in response to cooling stresses. “Thus, although
interstitial pefmeability is small, due to welding, overall permeability is moderate because of
jointing and fracturing. Core samples of .the Topopah Spring, Tiva Caﬁyon, and Rainier
Mesa Tuffs show interstitial ‘porosities ranging: from 3 to 48 percent (Winograd and
Thordarson, 1975). Saturated hydraulic conductivities calculated from drawdown curves of
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2.4.1.2.2  Groundwater Movement

‘Winograd and Thordarson (1975) classified groundwater movement within the NTS into three
categories: (1) movement of perched water, (2) intrabasin movement, - and (3) interbasin
movement. The first two i:ategories describe localized groundwater moveme_nt within
individual basins, while the third is concerned with deep regional flow beneath and through
basins. : :

- Occurrence and Movement of .'Perched Water

Perched water consists of groundwater that has beenvseparated from the underlying zoné of

saturation by unsaturated conditions, temporarily forming an inverted water table (Freeze and -

Cherry, 1979). At the NTS, perched groundwater forms principally within the aquitards in
the foothills and ridges flanking the basins (namely the bedded tuff and lava flow aquitard) as
water travels to the regional water table below. The relatively low permeability of the units
compared to those units surrounding them accounts for the existence of perched Water, as
drainage of water from overlying units is retarded from fgaching the water table. Movement
from localized perched water is downward. ‘ =

* Thordarson (1965) showed that the occurrence of pefched groundwater is erratic rather than
- widespread. Perched water is not known to occur beneath Yucca Flat, Jackass Flats, or
- Frenchman Flat. |

Intrabasinal Groundwater Movement

The movement of water from the Cenozoic aquifers and aquitards (Figure 2.14) to the
underlying Paleozoic units is called intrabasin flow. It is believed that water stored within
“the Cenozoic aquifers eventually drains into the’ underlying lava flow and bedded tuff ,
aquitards. - Leakage of this water into the underlying carbonate: aquifer s restricted because
of the low permeability of these units. A description of the processes governing flow
through these "leaky systems" is common in the literature (Bear, 1972; and Hantush, 1964).

In Yucca Flat and Frenchman Flat, the water in the Cenozoic aquitards bebaves as if it were -

" perched above the underlying lower carbonate aqliifé(. As a result, flow is directed
downward (Winograd and Thordarson, 1975). Farther south, in the Amargosa Valley, the

direction of water flow is reversed (e.g. flow is upwards, from the carbonate aquifer towards -

the surface) because of the greater hydraulic head within the carbonate aquifer (Fiero and
Maxey, .1970). : ' ‘
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Interbasihal Groundwater Movement

Interbasinal flow occurs under confined conditions, e.g. through water-bearing strata that are
~ overlain or underhin by a relatively impermeable layer or aquitard. At the NTS, this refers
to flow within the lower carbonate aquifer, confined by the lower clastic aquitard on the
bottom, and either the upper clastic aquitard or bedded tuff aquitard above. It is believed
that the lower carbonate aquifer and the lower clastic aquifer are hydraulically connected
throughout most, if not all, of the NTS (Winograd and Thordarson, 1975). As a result,
groundwater flows laterally beneath both mountain ridges and basins, with little regard for
the overlying topography. This is what is known as interbasin flow.

e

Figure 2.14 illustrates the interbasinal flow concept in the saturated zone. Section B-B
through Frenchman Flat shows the regional horizontal flow beneath the RWMS in the lower
carbonate aquifer. Recharge to the lower aquifer is provided by slow downward leakage
from the bedded tuff aquitard, welded tuff aquifer, and valley fill aquifer, and from
horizontal movement within the aquifer. ‘ ' | v

In the NTS, lateral groundwater movement integrates several smaller intermontane valleys

into a single basin, referred to as the Ash Meadows groundwater basin (Winograd and
. Thordarson, 1975; Rush, 1970). This interbasin flow is responsible for the discharge A
observed at Ash Meadows in the Amargosa Desert, 30 km south of the NTS. This discharge
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Figure 2.15 - General groundwater flow directions infthe NTS area (from Wadell, 1982).
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Figure 2.16 - Mean cation and anion concentrations in groundwater found at the NTS and
 trilinear diagram analysis showing the three dominate chemical facigs.
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. southwestYLard toward Ash Meadows. Winograd and Thordarson (1975) offered further

regarding regional gronndwater movement. - Chemical analyses have been measured from

.over 150 sources, including wells, springs,' and Water—bear'ing fractures.

The groundwater chemistry throughout the study area'varies from basin to basin. Schoff and -

Moore (1964) identified three dominant types: D a calcium-magnesium bicarbonate (Ca-
Mg-HCO,) facies within the carbonate units, (II) a sodium and potassium bicarbonate (Na-K-

HCO,) facies derived from groundwater in volcanic rocks, and (III) a mixed facies containing
components from both (I) and (II). The facies, their character and a trllmear analysrs of the

- water chemistry is shown in Figure 2.16.

" The Na'-K-HCO3 facies (I) is found within the lava-flow aquifer and tuff aquitard units. The

primary source of sodium comes from the alteration of rhyolitic glass containing sodic
plagioclase feldspar (NaAlSi,O;), and from ion exchange with zeolites (Lipman, 1965;
Hoover, 1968; and Hem, 1985), which are all major components of the volcanic units at the
NTS. The facies is also seen in portions of the valley ﬁll aquifer where a major portion of
the alluvial fill materjal has been derived from the erosion of volcanic units. The Ca-Mg-
HCO; composition (I) is found within the Paleozoic carbonate units such as the lower
carbonate aquifer and in the valley fill aqulfers that are’ composed of carbonate detritus.
Most of the calcium and magnesium present is from the dissolution of limestone and
dolomite , :

(CaCO3 and CaMg(CO,), ) mineralization i in the unit as 1t conducts flow. Water of the |
mixed facies (II) contains portions of both the Na-K and Ca-Mg ions groups. Schoff and
Moore (1964) noted that this type of watér dominates m the lower carbonate which is
between the Amargosa Desert to the south and the eastern border of the NTS.

The Ca-Mg-HCO, facies (I) is of major importance in nlapping the movement of deep
interbasin groundwater flow within the Ash Meadows basm Schoff and Moore (1964)
observed that water in the Ash Meadows discharge area exhibited a chemlstry similar to what

‘would occur if water from the volcanics in the valley basms (II) were mixed with water from

the deep carbonate aquifer (I), and suggested that groundwater within the NTS is movmg

N




strong contribution of groundwater from the east of the NTS (Chapman and Lyles, 1993)
perhaps from diluting recharge waters originating in the Sprmg Mountains.
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Erosion in Ephemeral Channels Over ‘Geo'logic'.Tin"m -

The Afea 5 RWMS lies on three coaleécing alluvial fan systems: the Scarp Canyon and Nye -

Canyon fan piedmont from the northeast, the southern Halfpint Range and Massachusetts
‘Mountains from the north and northwest, and the Barren Wash fan from the west (Snyder et

al. in press). Typical of alluvial fans in an arid climate; the channels on the surfaces of
these alluvial fan systems are ephemeral, that is they convey flow only in direct response to
runoff-generating storms. : ‘

Snyder et al. (in press) evaluated the potential of erosion to expose buried waste at the Area

5 RWMS within the next 10,000 years. They did their evaluation using data collected from |
previous geomorphic surface mapping and trench and pit wall mapping within and near the
Area 5 RWMS (Snyder et al. 1993; Snyder et al. 1994)1-. Snyder et al. (in press) found that

the age of the surfaces at the Area 5 RWMS ranged from late Pleistocene (oldest) to late

Holocene (youngest), with a predominate surface age from the middle Holocene to late
Pleistocene. Late Holocene surfaces are present in the small active channels. In addition,

net aggradatlon has likely occurred at the Area 5 RWMS since at least middle Pleistocene, ,
but evidence of local channel incision and aggradation i is present. ~The maximum depth of a
channel incision found near the Area 5 RWMS is less than 1.5 m, with most incisions less

than 0.8-m deep. Furthermore, 4they stated that erosion caused by geomorphic processes is
unlikely to reach a depth of 2 m at the Area 5 RWMS within the next 10,000 years.

Because of the scarcity of rainfall and the phys1ographlc nature of the RWMS, all available
data indicates that channeling to 2 4 m, the depth of buned waste Is poss1ble but extremely .
unllkely ’ : o

}

Near-Term Flooding Potential at the Area 5 RWMS

In addition to geomorphic studies, a flood assessment_vn{as completed to find whether the Area 5
RWMS lies within a 100-year flood hazard area (Schmeltzer et al. 1993). This assessment

determines the flood hazard assuming no significant chénges in current climatic and hydrologic
conditions. Over geologic time (e.g., 10,000 years), eIMatic and hydrologic conditions could
change. - "

The flood assessment used Federal Emergency Management Agency (FEMA) accepted
methods as stipulated in 40 CFR 270.14. Schmeltzer et al. (1993) identified three !
watersheds that could contribute flooding toward the Area5 RWMS. These were the
Barren Wash, Massachusetts Mountain/Halfpint Range, .and Scarp Canyon watersheds. The
total drainage area of these three watersheds is approximately 360 km>. The flood
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assessment included the Scarp Canyon watershed because the active part of the Scarp Canyon
alluvial fan is located within 2 km of the Area 5 RWMS. The Nye Canyon watershed, as
identified in Snyder et al. (in press), was excluded because it no longer drains toward the
Area 5 RWMS. :

A 100-year flood hazard map was delineated using the flood assessment results

(Figure 2.17). This map shcws that only the southwest corner of the Area 5 RWMS lies
within a 100-year flood hazard area, which is defined by FEMA as an area with a 0.01
probability that a flood with a depth of flow greater than 0.3 m can occur in any given yeai.,
The southwest corner was ’mipacted by two flood hazards: alluvial fan flooding on the
Barren Wash alluvial fan and shallow concentrated flow draining from the Massachusetts
Mountams

The Barren Wash alluvial fan receives flow from the 210-km2 Barren Wash watershed. A..
indicated in. Flgure 2.17, the Area S RWMS is located on the lower eastern edge of the
100-year flood hazard area of the Barren Wash alluvial fan and is in a zone designated with a
flow depth of 0.3 m and a flow velocity of 0.9 m sl One major assumption in the FEMA
methodology to evaluate alluvial fan hazards is that flood flow from the apex (e.g., the point
where the flow becomes unpredictable) is just as likely to create a new path as it is to follow
-an existing channel. This means that the probability of a channel passing through any given
point on a contour is umform Therefore, the 0.3-m depth and 0.9-m s™! designation can be
described as the 0.01 probablhty in any given year that a channel with a depth of 0.3 m or
greater and velocities of 0.9 ms” '-or greater can occur w1thm this zone.

The second flood hazard area is a result of flow draining from t.he Massachusetts Mountains
and funneling into a shallow, wide channel that crosses the southwest corner of the Area 5
RWMS (Figure 2.17). The average 100-year depth and width of the shallow concentrated
flow were approximately 0.6 m and 75 m, respectively. The drainage area contributing to
this flood hazard is approx1mately 16 km?.

Sheetflow from the 38-km? Massachusetts/Halfpmt watershed could also affect the Area 5

RWMS. However flooding as sheetflow was not delineated as a 100-year flood hazard

because 100-year depths of sheetflow average less than 0.3 m (Figure 2.17). This flood

assessment also determined that a 100-year flood within the 105-km* Scarp Canyon watershed

will not impact the Area 5 RWMS. The western edge of the 100-year flood hazard on the
“Scarp Canyon alluvial fan is about 1.2 km east of the Area 5 RWMS.












The 360 to 460 m thick alluvial unit is assumed to be underlain by approximately 550 m of
bedded tuff, which serves as an aquitard. The bedded tuff unit is assumed to be present
based on its wide spread occurrence on the NTS and its presence in UESPW-3. Welded tuff
(Ammonia Tanks member of the Timber Mountain Tuff ) also was found 180 m beneath the
surface in Pilot Well UESPW-3 (Figure 2.19). Welded tuff was not found to the depth
_penetrated in Pilot Wells UESPW-1 and UESPW-2, thus the extent of the welded tuff unit
‘beneath the RWMS is unknown. Beneath the bedded tuff aquitard lies the lower carbonate
aquifer which, in turn, lies above the Precambrian bedrock. The thickness of the carbonate
aquifer beneath the RWMS or thhm the basin itself is unknown.

2.4.2.2.1 ' Nature of the Vadose Zone

The vadose zone beneath the Area 5 RWMS is the primary barrier between the site and the
_uppermost aquifer. Three investigations have described the physical, chemical and hydrologic

properties of the vadose zone at the Area 5 RWMS. Spatial variation in properties up to a depthv -

of 9 m have been investigated in existing excavations (pits and trenches) at the RWMS (REECo,
1993e). The'properties of core and cuttings samples of the near surface vadose zone up to a
depth of 37 m has been reported for nine Science Trench Boreholes (REECo, 1993c). The
properties of core and cutting samples of the deep vadose zone up to 291 m deep has been

described during the Pilot Well study (REECo, 1993b) The location of these wells and trenches ,

are shown in Figure 2.19.

Water Content

The characterization of water content is important for two reasons. First, the degree to .

' ~which the interstices of a soil are filled with water (water content) has a direct bearing on the-
comparison of the volumetric water content profiles from the wells and boreholes indicates.
that the water content throughout the unsaturated zone is remarkably low and uniform, with
an overall average of 5.39 percent by weight (8.72 percent by volume). Since the average
porosity for the alluvium has been established at about 31 percent, these data show that only
25 percent of the total void space is filled with fluid. This suggests that the pore water is not
.interconnected and that water flow in the vadose zone is extremely slow.

The lack of variability of water content and water potential with depth suggests that the
vadose zone is near steady-state (quasi-steady-state) and probably has not recently undergone
significant changes in infiltration. A high degree of uniformity is observed from all three
Pilot Wells, with only a very slight increase in water content with depth (Figure 2.20 and

. Table 2.5.).
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Table 2. 5 Summary of water content data from the PllOt Wells and Sc1ence Trench
Borehole studies (REECo, 1993b, 1993c).
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Figure 2.20 - Water content profile beneath Area 5 RWMS based on the Pilot Well data
(REECo, 1993b). R ' ~
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Flgure 2.21 - Water potential proﬁles for the Pilot Wells and Science Trench Boreholes







EVAPORATIVE

2 & RWMS d4z_. - RECYCLING CAUSING
Area 5 RWMS ! UPWARD LIQUID FLOW
250

- A V ;

‘I’ dz]
] [ |
200 | | - .

R ay - -

E | 1% ) :

_Hq 1 e R 1

2 150 | o o |

« q ' ‘.1"KW}[%%{'E]='(' I

&g | : 1]
= 1 )

= 1004 EXTREMELY SLOW

<7 DOWNWARD LIQUID

3 : FLOW (3cm/100 years)

= . : | . .

g 50 - P o

< ] ~

E ] 7 q=-K(’1’)}/Z -

% . WATER TABLE \(/ o

=

0 | 100 .200 _300 400 500 600 . 700 800

Y MATRIC POTENTIAL (-m)

~ Figure 2.22 - Smoothed matric potential profile for Pilot Well UESPW-1 illustrating the
conceptual model containing three zones of unsaturated ﬂow behavior within the vadose zope
in the alluvium under the Area 5 RWMS
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‘Saturated Hydrauhc Conduct1v1ty

The saturated hydrauhc conductlvmes (Km) for 196 undlsturbed cores from Pilot Wells
UESPW-1 and UESPW-2, and five Science Trench Boreholes were determined in the
laboratory by REECo (1993b, 1993c), using a constant—head permeameter. These data were
analyzed by Sully et-al. (1993). The range of values of hydraulic conductivity, over both the
. Pilot Wells and Science Trench Boreholes varied by about 3.5 orders of magnitude, from
0.0012 to 5.01 m day™?, with mean values ranging from 0.36 to 4.9 m day~? (Figure 2.23).
“These values are similar to those presented for alluvium in the region by Winograd and
Thordarson (1975) in Table 2.3. ' S

Statistical analyses were carried out by Sully et al. (1993) and Istok et al. (1994) to quantify

* the degree of anisotropy within the alluvium for saturatej,d hydraulic conductivity. The K, .
for the alluvium was found to be lognormally distributed, as was observed by Jury et al.
(1987) for many other soils in numerous field studies. The spatial structure of the saturated
hydraulic conductivity was determined using empirical variograms No evidence was found
for the existence of vertical anisotropy in the upper 37 m of alluvium. Thus despite the
visual evidence of lavering wmhmih&alluv1um_ﬂllmggal_bﬁhm a homoeeneous mass
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Figure 2.23 - Saturated hydrauhc conduct1v1ty proﬁles for the Pilot Wells and Smence
Trench Boreholes surroundmg the Area 5 RWMS (REECo, 1993b, 1993c).



the moisture retention curves for each Pilot Well are shown in Figure 2.24. Each set of
curves for a given Pilot Well reflects the entire samplmg depth, e.g. samples taken at
different depths are pooled. The general shape of the curves denote a sandy or coarse-
grained deposit with a large variation in pore-size dlstrlbutlon (Hillel, 1980). Similar curves,
using the cores from the Science Trench Boreholes and ex1stmg pit excavations, can be found
in REECo (1993c, 1993¢). The remarkable smulanty between all the curves for the various
sampling depths and locations near the Area 5 RWMS lends further support to the hypothes1s
of gross homogeneity of the hydrologic character of the alluv1um

The 'moismre-fetention fuhction, ¥(0), was first determined by fitting the moisture retention
data (Figure 2.24) to the derivation of water content by van Genuchten (1978, 1980):

0,-6 + ©,- 6) {1 . (- aq,)"} 2.1)

where 6, is the volumetric water content (cm® cm™3), @, is the saturated volumetric water
content, 6, is the residual volumetric water content, y is: ‘the matric potential (cm), and «, m,
and n are empirically determined parameters. This ylelded smooth moisture retention
functions, ¥(6), which were used to derive the unsaturated hydraulic conductivity curves. .

~ These final unsaturated hydraulic conductivity curves (K(6)) were derived by substitution of
the van Genuchten moisture retention curve-ﬁttmg parameters into-the Maulum (1976) model
for unsaturated hydraullc conduct1v1ty to obtain:

K(ﬁ) sw[ '(-s%m )”‘r | | | 2.2)

- where K is the saturated hydraulic conductivity and S 1s the effective saturation as defined

@0 : - |
5 e 3

s r

The unsaturated hydraulic conduct1v1ty functlons X(6)) from Equation (2.2) for the three
Pilot Wells are presented in Figure 2.25. At the mean water content for the alluvium (7 to
12 percent), the magnitude of K(6) is only about 8.6 xX10®* m day~* (1.0x10™ cm s~'). The
magnitude of liquid flow under such low hydraulic condhctivities is negligible. P"'orevwater
under such circumstances is essentially immobile. - These data argue. that liquid flow at the
low water contents currently present within the alluvium!“ is highly unlikely.
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‘Figure 2;24 - Composite moisture retention characteristic curves from core samples for the
‘Pilot Wells UE5PW-1, UE5PW-2, and UESPW-3, (REECo, 1993b, 1993c).
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Figure 2.25 - Fitted unsaturated hydraulic conductivity, functions from core samples in Pilot -
~ Wells UESPW-1, UE5PW-2, and UESPW-3 (REECo, 1993b).
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2.4.2.2.2 Environmental Tracers in the Vadose Zone _

The concentrations of certain jons, as well as those of stable isotopes of certain elements, can
‘serve as environmental tracers. These tracers can be used to estimate vadose zone water '
movement, travel times, and recharge, independently of a hydraulic analysis. REECo
(1993b) measured profiles for chloride (Cl), stable oxygen (*0), and stable deuterium (*H) in
. both the Pilot Wells and Science Trench Boreholes surrounding the RWMS. The
environmental tracer data support the hypothesis that evaporation is the dominant process
governing the rate and direction of water movement within the upper vadose zone under the
- present arid climate. Downward infiltration is not indicated by the environmental tracer
data. o

Chloride Profiles

"Chloride anions can be viewed as a conservative tracer within the NTS; it is neither
generated nor decomposed within the soil zone. A difference between long-term input and
output indicates increasing or decreasing salinity, representing soil water flux. This
technique is known as the chloride mass balance method (Allison and Hughes, 1983)'.

‘Chloride concentrations were reported for both drill cuttings and core samples from the Pilot
" Wells and Science Trench Boreholes (REECo, 1993b, 1993c). These depth profiles,
presented in Figure 2.26, show relatively high accumulations of chloride in the shallow
subsurface of all the boreholes suggesting that evaporation rates are hlgh compared to
downward movement of water. If downward flow were an important process at the RWMS,
chloride concentrations in soil water beneath the root zone would be much lower than those
observed in the three Pilot Wells.

Stable Isotope Profiles |

The stable isotopes of hydrogen and oxygen provide an excellent record of water movement
in the subsurface because they are components of the water molecule itself. Three stable
isotopes of oxygen (1°0, 0, *Q) and two stable isotopes of hydrogen (*H, ?H or deuterium,
" denoted D) exist in nature, thus water molecules in precipitation have nine possible isotopic
configurations and masses. Each configuration will exhibit a slightly different vapor
pressure, as the vapor pressure of any given molecule is inversely proportional to its mass.
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Figure 2.26 - Depth profiles of dry chloride concentrations for core samples from the Pilot
Wells and Science Trench Boreholes (REECo, 1993b, 1993c)
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This implies that fractionation between the heavier rnolecule_s and lighter molecules of rva,ter

‘can occur during evaporation and precipitation. Isotopic ratios are reported as differences of

180/1%0 and D/H ratios, relative to Standard Mean Ocean Water (SMOW) first defined by

Craig (1961a) with reference to alarge volume of distilled water distributed by the National

Bureau of Standards in the United States. Samples of water are compared by their isotopic
~ compositions of oxygen and hydrogen, expressed as a per mil dlfference relative to SMOW:

(ISO/IGOSAMPLE ) _ (180/160.SMOW)

("0 /*0g0 )

X 1000 (2.4)

510 -

op - | 2L Hsums - B/ Batow |y 1000 -~ 25)
O /H) gow ~ ’

Consequently, positive values of 60 and 6D reflect enrichment in the heavier isotopes of
oxygen and hydrogen, and negative values indicate depletion relative to the SMOW standard.

Once precipitation enters the soil horizon, water in the liquid' phase is enriched in *0 and D
_because evaporation favors the removal of lighter isotopes. Likewise, the liquid phase is
~enriched in heavy isotopes by condensation of water vapor. '

The continuing preferential removal or fractionation of lighter isotopes from the emplaced
" water caused by both evaporation and condensation should be recorded in pore water as
positive (less negative) values compared to the SMOW standard and nearby water at depth.
" This is exactly what is seen in the stable oxygen/hydrogen profiles for the three Pilot Wells
and Science Trench Boreholes shown in Figure 2.27. In general, the §'*0 and 6D proﬁles
show greater enrichment of ‘the heavy isotopes in the upper vadose zone (top 30 m),
g suggestmg that the shallow vadose zone water has been subjected to more
~ evaporation/condensation cycles than the deeper water. Using the SMOW reference, a line
representing the average ratios of %0/ *O and D/H for waters sampled throughout the

- . world, known as the Meteoric Water Line (MWL), has been prepared by Craig (1961a) as
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Figure 2.27 - Depth proﬁles of . 6“‘0 and 6D from core samples from the Pilot Wells and
Science Trench Boreholes (REECo 1993b, 1993¢). . _
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shown in Figure 2.28. The MWL shows that the 6180 and D values of meteoric water can
be represented by the equatlon _ - -

5D - 85%0 . 10 | . (2.6)

The imoonance of the MWL is its use in comparing samples of water as an indication of
their origin and climate of formation (Merlivat and Jouzel, 1979; Jouzel and Merlivat, 1984;
Jouzel et al., 1991; Stewart, 1975; and Gat and Dansgaard 1972).

Figure 2.28 compares 50 versus 6D for the three Pilot Wells and the global MWL. The
stable isotope lines for the three Pilot Wells lie to the right of the global MWL indicating
that the waters have been subjected to evaporation over time (Domenico and Schwartz,
1990). These data and figures support the hypothesis that evaporation at the Area 5 RWMS
is the dominant hydrologic mechanism in the upper vadose zone compared to downward
liquid flow under the present climate. ‘

- 2.4.2.2.3  Summary of Vadose Zone Characterization Data

- In summary, the following conclus_ions for the vadose zone can be drawn from the site
“characterization data:

o The alluvium may be considered homogeneous with respect to particle size : ‘
~ distribution with depth on a gross scale and is characterized as a well-graded medium
sand with gravel and a small amount of fines. '

® The hydrologic properties of the alluvium are homogeneous and isotropic. = This
includes porosity (iz) saturated hydraulic conductivity (K, moisture retention (Y(6)),
and unsaturated hydraulic conduct1v1ty (K(np)) (Sully et al. 1993; Istok et al. .1994).
For the purposes of hydrologic modeling the alluvium penetrated by the Pilot Wells
and Science Trench Boreholes can be assumed to be a single homogeneous and
isotropic 11thologlcal unit.

° Water content of the alluvium is very low near the surface and increases ~only slightly
with depth (from 5 percent: at the surface to about 10 percent at a depth of
37 m). This indicates that the entire vadose zone is very dry.

.
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®  Water potentral measurements (z,b, a measure of the strength of the dnvrng force l
-causing fluid flow) show a large negative gradient in the upper portion of the alluvium
(indicating a tendency for water to flow upward to the surface) because of high _ I
evapotranspiration at the land surface. The upward potential exists throughout the

upper 35 m of allu\%ium, with the largest upward gradient in the upper 9 m : ' '

° Very little if any 11qu1d ﬂow is occurring wrthm the upper 35 m of the vadose zone
because the unsatirated hydraulic conductivity values (K(xﬁ)) are so small, due to the -
very low water content of the alluvium. ‘

® Depth profiles show an enrichment near the surface of stable chloride and bromide, ‘as
well as the heavier naturally occurring isotopes of hydrogen and oxygen. This
provides strong evidence that evaporation is the dominant hydrologic process in the .
upper vadose zone.  Water that exists deeper in the vadose zone probably entered the.
system under a much wetter chmate ' :

These data suggest that the'small amount of liquid water inﬁltrating at the surface during lw
infrequent rainfall events (drffuse recharge) does not migrate down to the water table

f?hru e l:n[ 1no7 ﬂ"rl“" nf
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west of the Area 5 RWMS (Foufy, 1989). Using the Chloridc mass balance technique, Fouty
(1989) estimated the recharge rate and concluded that drainage below- 10 m was mmlmal or
nonexistent for at least the last 6,000 years. The conclusion drawn from the stable isotope
data is that the current climatic regime, reflected by the ‘enrichment in the near surface by
various stable isotopes, has existed for a very long time and that under this regime,
contaminant transport and flow in the liquid phase can be considered mmlmal

2.4.2.2.4 Estimation of Unsaturated Flow Rate and Direction |

In the previous sections it was shown that infiltrating pre?,cipitation at the Area 5 RWMS does:
not recharge the aquifer, but is rapidly recycled to the atmosphere The thickness and low
water content of the vadose zone offers an additional protectlon against contamination of the
uppermost aquifer. In the unlikely event that leachate were to reach Zone II, were drainage




and Darcy’s law for vertical unsaturated flow becomes:

ay : |
- -K© + 1 2.9

An order of magnitude estirnate of the average rate of downward water movement through
Zone II (35 to 150 m below the land surface) can be calculated using the total water potentral
data and unsaturated hydraulic conductivity relations gathered from the Pilot Wells and
‘Science Trench Boreholes (shown in Figures 2.21 and 2.25).

The largest mean volumetric water content observed within the three Pilot Wells was’

11.1 percent, occurring in UESPW-1 (REECo 1993b). From Figure 2.25, the unsaturated
hydraulic conductivity, calculated at 11.1 percent volumetric water content, ranged from
about 5x10° to 5x 102 cm s~!, with a mean of about 1X10° cm s™*.- Since Figure 2.22
‘indicates that the matric potential in Zone II of the vadose zone is zero _(d|,b /dz = 0), the -
magnitude of flux in Equation 2.9 is equal to the unsaturated hydraulic conductivity

(q = K(6)) or 1x10° cm s~*. The actual flow is limited to the water-filled pore space and

does not occur through the entire cross-section. Given an average water filled porosity. (n,)

- of 10 percent, the mean pore velocity (v) can then be calculated as v = g/n,,, or about

3 mm yr~'. These calculations show that it would take approximately 64,500 years for

liquid to travel from the top of Zone II to the water table, approximately 245 m below the

'RWMS, under the current hydrologlc conditions. Site characterization data strongly supports'
the conclusion that recharge of the aquifer is not occurring at the Area 5 RWMS. However,
if it were to occur, the long travel time through the vadose zone would allow most
radionuclides to decay to negligible levels before reaching the aquifer.

2.4.2.2.5 Saturated Flow Within the Uppermost Aquifer and Aquitard _

Saturated flow occurs,ih the lowermost portions of the valley fill aquifer and the bedded tuff -

aquitard (Figures 2.13 and 2.14) below the vadose zone and water table. Flow in the
saturated portion of Frenchman Flat was characterized by Winograd and Thordarson (1975)
as intrabasinal flow, e.g. groundwater movement was ‘hypothesized to be primarily
downward from the alluvium into the underlying aquitards, eventually drammg into the lower
~ carbonate aquifer. Evidence that recharge through the vadose zone under the present
climatic conditions is extremely small has already been presented along with additional
evidence that the travel time through the vadose zorre is extremely long. Thus, the chances -
of radioactive contamination entering the saturated zone via liquid transport are minimal. It
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- can further be shown that if contamination were to reach the aquifer, movement in the
saturated zone would also be extremely slow.

4For two-d1men51onal saturated flow in the x-z plane, the ﬂux can be descnbed by Darcy’s
law; in tensor form: i

q-—KoVH ,
\ lem] o
¢ [k EllZ| - 2.10)
or.. - ,x :
. q, .K,, Kzz aH
' az

where q is the vector deﬁnmg the horizonal (q,) and vertlcal (q) components of flow, Kis -

the conductivity tensor, and VH represents the vector cohtalmng the horizontal (dH/dx) and
vertical (9H/dz) gradients. Since the analyses by REECo (1993b, 1993c) suggest that the

hydrauhc conductivity of the alluvium in the vadose zone appears grossly homogeneous

- (K —~Kn) and isotropic (K =K=0), it is reasonable to assume that the character extends

7 mto the saturated zone as well. With these assumptlons \Equatlon 2.10 can be rewntten as:

aH |:
K, Ollax|. .
qx - _";s“'%' , ox | (211)
7] |0 Kaf|dH| -
4

Thus, the horizontal and vertical components of flow can be described by two equations, one
for the horizontal component (q,), and one for the vertical (q,): :

: oH
qx = °Ksat_§- L
oH 2.12)
| q, = - sat 57

Wthh can be added as vectors to yield the total magmtude and dlrectlon of ﬂow within the
saturated portions of an isotropic hydrological unit such as the valley ﬁll aquifer.

- Vertical Saturated Flow

 There has been no systematlc evaluation of the vertical component of the hydraulic gradient
- in Frenchman Flat. Wmograd and Thordarson (1975) concluded that a generallzed vertical
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flow was more likely than a horizontal flow through the uppermost unconfined Cenozoic
units. Downward leakage is more likely than horizontal flow because: (1) the water levels
in the Cenozoic strata in surrounding valleys were comparable to those observed in
Frenchman Flat, indicating an absence of horizontal gradient; (2) water levels in wells
tapping the lower carbonate aquifer, two along the north and east peripheries of the basin and
- one on the southwestern edge show a piezometric surface somewhat lower (3 to 10 m) than
that in the Cenozoic units, mdlcatmg a possible downward vertical gradient; and (3) the
lower carbonate aquifer rises on the edge of the basin-(except the west) so that any recharge
within the basin, even horizontal, must eventually drain into it. Nevertheless, Winograd and
Thordarson also recognized that recharge to the lower carbonate aquifer from overlying units
beneath the valley floors in the NTS seemed improbable under the present climatic .
conditions, e.g. that vertical seepage through the valley floors was a distant second to
recharge from precipitation: dlrectly onto the carbonate aquifer, especially in areas of high
elevation and rainfall. '

The consensus opinion, reached prior to obtaining the-vadose zone site characterization data
previouSly presented, was that at least some degree of vertical flow and recharge into the

lower units from the Cenozoic units occurred through the valley floors.. ‘However, there is
-no hard evidence for substantial vertical movement in the uppermost aquifer units within the
basins of the NTS. Even the minimal vertical flow proposed by Winograd and Thordarson
(1975) could, due to mass balance considerations, only exist if vertical recharge first occurs.
Evidence that no such recharge occurs has been presented. This is a.strong argument against
the existence of any sxgmﬁcant amount of vertical flow within the Cenozoic units beneath the-
Frenchman Flat. Also, the existence of vertical flow would imply a declining water table.
No evidence of such a declme exists. If vertical flow does indeed occur, it is probably -
restricted to areas of hlgher precipitation (e.g. near mountain slopes and peaks surrounding
NTS basins where recharge is directly into the Cenozoic units). Some degree of vertical -
flow may also exist on the margms of the basms but this is probably minimal within the
interior of Frenchman Flat.

The eXtent of vertical flow beneath the Area 5 RWMS could be ascertained by a comparison
of the potentiometric head in the lower units below the RWMS to that found in the saturated
Cenozoic aquifer, €.g. to measure the vertical hydraulic gradient. The data required for this
comparison are not available. However, a rough approximation of the vertical hydraulic
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gradient can be estimated from data obtained from existing wells if the following assumptions
are made: ' -

1. The top of the upper.surface of the lower carbonate unit is approximately 1,340 m
below the land surface, and the average depth to; “the water table is about 250 m, .
yielding a saturated thickness above the carbonates of (1,340-250) = 1 090 m.
(Figures 2. 10 2.14, and Table 2.4). ‘

2. - The saturated thickness beneath the Area 5 RWMS is prlmarlly composed of the
bedded tuff aqmtard (Flgures 2.18 and 2.19).

3. For purposes of analysis, the tuff can be cons1dered to be anisotropic but
homogeneous, e.g. the vertical hydrauhc conductmty is constant in space.

4. The maximum 'difference between -potentiomet'ric eurfaces for the lower carbonate
" aquifer and the upper saturated valley fill aquifer% cited by Winograd and Thordarson
~ (1975) within Frenchman Flat applies beneath the RWMS and-is about 10 m.

_Accdrdingly, the magnitude of the vertical hyd‘raulie graﬂient (dH/dz) is

10/1,090 = 0.009174 m m~!. Based on one—d1mens1onal flow theory, Darcy’s law can be
used to determine the mean pore flow veloc1ty V) w1thm the bedded tuff aquitard. Given an
average water-filled porosity (n,) of 37.7 percent, and the saturated hydrauhc conductmty
(K of 0.006 m-day~ (Table 2.3), the estimated vertlcal mean pore flow veloc1ty 1s:

. “ st K .
yi 4 ZwdH 0.006m/day -0.009174 365day 0053mlyr | - | (2.13)
n n,6 dz 0.377 yr :

w

This indicates that it'woul_d take over 20,000 years for vs?ater to travel 1,100 meters from the
top of the saturated zone to the lower carbonate aquifer, if the material in between were
completely composed of the bedded tuff aquitard. Althdngh these calculations are
preliminary, it is evident that the vertical gradient of water potential does not provide enough

dnvmg force to create significant verncal ﬂow beneath the bulk of Frenchman Flat.

Horimntal Flow

Estimates of the water table slope and horizontal seepage velocity beneath the Area 5 RWMS
were given by Lindstrom et al. (1992) based on the Duphit-Forcheimer approximation for a.



|

Iﬁarabblic water table. Using this approximation, an uncertainty analysis was conducted,
which indicated that a one-unit measurement error in the depth to the water table would
require a water mound appiroximately ten units thick to satisfy the equation. Since no
mounding of this magnitude is apparent, their conclusion was that the water table must be
flat, with essentially no horizontal movement. A

T

Corroborating evidence is available from weekly groundwater elevation méasurements .
recorded for the three Pilot Wells. These levels can be used to estimate the water table siope
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Table 2.6. continued.

Total Cr 0 - 0.004 0-0.005 0 - 0.005 0.005 mg 1!
“Total Pb’ -0.004 -0.0004 0 - 0.0003 0.0004 mg 1!
Dissolved Pb -0.004 -0.0003 0 - 0.0003 0.0004 mg i™!
Total Se b.ooo{;-o.ooog_ 0.0003 - 0.0008 0- 0.0006 0.0004 z;lg 1
Dissolved Se . -1).003 0.0002 - 0.0005 0-0.0005 - 0.0004 mg I
Total Ag 0-0.007 0-0.01 0'- 0.008 £ 0.003- mg 17
Dissolved Ag 0-0.007 0-0.01 0- 0.008 0.003 mg 1™
Total Hg 0 -0.0001 0 - 0.0001 0 - 0.0001 0.0001 mg I
Dissolved Hg 0 - 0.0001 . 0 - 0.0001 0 - 0.0001 o.vooox‘ , mg I
“Total Fe | 0.028 0.141 '0.062 0.003 mg 1
Dissolved Fe 0.004 - 0.006 ' 0.088 0.010 - 0.012 - 10.003 mg 1™
Total Mn o.oo% - 0.003 0.003 - 0.004 0.011 - 0.012 0.001° mg 1!
Dissolved Mn . 0-0.001 0.003 - 0.004 0.011 - 0.012 0.001 mg I
Togl‘Na , 54.8 49 51 0.05 mg ™t~
Dissolved Na 53 49.8 517 0.05 mg I
Fluoride ‘2.4 11 .12 0.1 mg 17
Nitrate (as NO,) 97 6.0 .14.1’ 0.04 mg 1!
Chloride 9.3 9.2 8.6 0.1 mg 17}
Sulfate "35 29.7 31.2, 0.1 - mg 1!
Total Dissolved Solids 236 252 218 mg 1!
Alkalinity (as CaCO;) 144 139 129 mg I
Cyanide 0 - 0.0004 0-3.33 0 - 0.0004 10.005 mg 1
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Table 2.6. continued.
) Oil and Grease 0.1-0.3 0.3-0.5 0.1-0.5 0.1 mg 1!
l Volatile Organics n.d. n.d. nd. mg 1!
Semi-Volatile Organics n.d. n.d. nd. mg 1!
. Pesticides - nd. nd. n.d. mg 1™
Herbicides . n.d. n.d. n.d. mg I}
l g Total Gross Alpha 5.1 4.2 5.1 0.7 pCi1™?
'_ Dissolved Gross Alpha 57 3.6 5.6 0.7 pCitt
,-"’ - -
. Tota] Gross Beta 4.5 4.9 4.6 0.6 pCil!
’[ .
,\‘_' Dissolved Gross Beta 5 . 5.4 4.4 0.6 pCi 1
' *H 0.6 10 0.4 9 pCi I
“Sr 0.09 0.2 0.03 0.09 pCil!
l/' *Tc 0.7 0.5 -0.9 - 0.7 pCil™
\ 2eRy 0.7 0.8 1.5 2 pCi 1
‘ 25Ra 0.04 0.1 0.5 3 pCi 1=
", Total Uranium 0.8 1.8 . 9.7 .5 pg 1!
=Py 0 0.004 0.001 0.009 pCil
239240y 0.003 0.003 0.002° . 0.009 pCi 1~
Photon Emitting n.d. n.d. n.d. pCi -

1 - n.d; not detected

The water chemistry of the wells bompleted in the valley fill aquifer is similar. The well

completed in the welded tuff aqilifer and bedded tuff aquitard, UESPW-3, has some minor
differences. Water collected from UESPW-3 tends to have a slightly lower ionic strength

. and a higher pH value. Notably, the concentration of uranium is significantly higher in
samples from UE5PW-3 than in samples from the other wells. This is believed attributable

‘4N lE ‘ED 9.
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to the salic igneous source rock (welded tuff), which is reported to cbntain elevated levels of

primordial radionuclides (NCRP, 1975). All measured uranium concentrations meet the
proposed USEPA drinking water maximum contaminant Ievel for uranium of 20 ug 17!
(USEPA 1991). :

2.5 DEMQGRAPHY

Population densities in Nevada are émong the “lowest found in the cbntiguous 48 states. In

1990, the average population density of Nevada was 4.2 persons per km?, much smaller than

the average of 28 per km? for the contiguous 48 states (USDOC, 1990). Permanent

settlement and development in the arid Mohave and Great Basin Deserts of Nevada has been - -

restricted to areas where surface water, springs, seeps, or shallow groundwater are available
or to areas near economically significant mineral resources. Since surface or shallow water
resources are rare, the population of Nevada tends to be clustered around a few sites with. -
available water. The intervening land remains largely unpopulated. Recent census data
indicate that Nevada’s population is overwhelmingly urban and is concentrated .in Reno and
Las Vegas. A map of Nevada counties, mcludmg their 1990 populations, appears in

Figure 2.29. At the time of the 1990 census urban areas with populations greater than
2,500 held 88.3 percent of the population (USDOC, 1990) and occupied only 0.9 percent of
the land area (Morgan et al., 1993). Most of the remaining population resides in small rural
communities with populations less than 2,500. Only 0.3 percent of Nevadans are identified -
as rural farm residents (USDOC, 1990). : :

Rural lands in Nevada outside the metropolitan areas are undeveloped, uninhabited
rangeland, and mountains. The population density of areas classified as rural is only 0.5 per
km? (USDOC, 1990; Morgan et al., 1993). This is due to both the lack of water resources -
and the fact that as of 1990, 82.7 percent of Nevada was owned by the U.S. Government -
(Morgan et al., 1993). U.S. ‘Government-owned land can be leased to private interests for
grazing and mining, but generally is uninhabited excépt for small transient populations of
cowboys, sheep herders, hunters, campers and prospectors (USEPA, 1984). The rural
counties surrounding the NTS bave extremely low population densities. ' Nye County has a
population density of 0.4 km~2 and Lincoln County’s populationdensity is only 0.1 km~? -

The Las Vegas metropolitan area is the largest urban cénter near the NTS, with a 1990
population of approximately 741,000, or 61 percent of the then-residents of Nevada
(USDOC, 1990). Las Vegas is one of the fastest growing urban areas in the United States
and its population has increased significantly since the 1990 census. In recent years,
residential and commercial development has increased significantly in other communities in
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Flgure 2.29 -Population of counties in Nevada based on 1990 census estimates (adapted from :
DOE/NV, 1993a). : 4
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‘ southern Nevada, including Pahrump and Mesquite. Most of the population within an 80 km

radius of the RWMS resides within three small rural communities: Indian Springs, Beatty
and the Amargosa/Pahrump' Valleys (Figures 2.1 and 2.29). The closest residents to the
Area 5 RWMS reside in Indian Springs, population 1,500. :

Approximately 950 persons reside in the Amargosa .Valley at the Lathrop Wells farming
community 50 km southwest of the RWMS (USDOE, 1993a). The Pahrump Valley, 80 km
to the southwest, has a growmg rural population of approximately 15,000 (USDOE, 1993a).
The next largest population center in the region is Beatty (pop. 1,500), located 82 km to the
west (USDOE, 1993a). There are approximately 18 small settlements, ranches and mining
operations, all with populatlons less than 100, within the 80 km radius (USEPA, 1984). The
~ Death Valley Monument in: ‘California, located to the west of the NTS, can have a transient
population ranging from 200 to 12,000 persons (USEPA, 1984). )

2.6 LAND USE

Native Americans were the first touse the lands now within the NTS. The Shoshone lived at

local springs and playas over the northern NTS. Springs on the southern NTS have been
used by the Southern Paiute tribe. Both groups gathered native plants, including Oryzopsis
hymenoides (indian rice grass), Salvia columbaria, Elymus cinereus (wild rye), and pinyon

_nuts and hunted wild game including rabbits and Odocoileus hemionus (mule deer) (Reno and
- Pippin, 1985). Early settlers established several cattle ranching and wild horse capture

~ operations at local springs, including Cane Springs on the western margin of Frenchman Flat

(Reno and Pippin, 1985). Small mining operations have existed on the NTS in the Oak
Spring District and the Mine Mountain District (Reno and Pippin, 1985). In 1928, Cane
Springs supported 1,500 persons in the mining community of Wahmonie (Allred etal.,
1963). Since 1940, the NTS has been a U.S. Government-owned restricted access area,
used for defense—related act1v1t1es

Today, ranching and mining remain as irhportant land use activities in southern Nevada.
" Recreational activities and i}rigation-based agriculture have, in recent years, become °
important land uses. Favorable economic conditions i in Las Vegas have spurred rapid
residential development in Clark County

Geological Resources

Economically significant mining districts have been identified and exp101ted throughout N
-southern Nevada. Small mining operations have ex1sted on the NTS in the past. However,
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possibility that development will occur on the NTS in the future, there: is a faint possibility
. that sand and gravel quarrying might someday occur in Frenchman Flat. '

Agriculture

The agricultural productivity of southern Nevada is limited by the arid climate, poorly
developed soils, and mountainous topography. The Great Basin Desert covers central
Nevada and extends over the northern two-thirds of the NTS. Northern portions of the .
Mohave Desert extend into southern Nevada and cover the southern third of the NTS. The
Great Basin Desert is slightly cooler and wetter than the Mohave Desert and, therefore, has
greater potential for agricultural use. Although Frenchman Flat lies in an area that is

transitional between the two ecosystems, most floral communities surrounding the RWMS are -

usually considered Mohave Desert communities.

The 1987 agricultural census describes commercial agricultural land use in Nevada. These
data can be used to assess the likelihood of different commercial agricultural land uses of the
NTS under current economic and climatic conditions. The Great Basin Desert occupies a -
greater fraction of the total land area of Nevada than of the NTS, Therefore, data for the
state of Nevada may not be a reliable indicator of potential agricultural land use in the dryer,
hotter counties of southern Nevada. Data for Clark, Lincoln, and Nye Counties provide a
more accurate indication of the potential agricultural land uses in ecosystems similar to those
that occur at the Area 5 RWMS and over the NTS in general. The summary statistics
reported here for southern Nevada are the means for Clark, Lincoln, and Nye Counties -
weighted by land area. ‘

Totel land area devoted to agriculture in Nevada is low. Overall, only 14.2 percent of h
Nevada’s land area is within farms. In the dryer southern counties, only 2.1 percent of the

land area is used for agriculture (Table 2.7). Southern Nevada farm land is most likely to be
used as pasture, 89.1 percent, followed by cropland, 11.7 percent (Table 2.7). Orchard and

woodlands are commercially insignificant.

'Crepland is predominately used for the production of livestock feed crops (Table 2.8).
Approximately 45.8 percent. ‘of southern Nevada cropland is harvested while 30 percent is
used directly as pasture (USDOC, 1987) Of the harvested cropland, hay is the predommate
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Richard-Haggard (1983) has rev1ewed the potentral agrrcultural uses of the NTS and reported _
that Frenchman Flat contains 4,900 ha of irrigable soils. All irrigable soils in Frenchman
Flat have poor water retention characteristics (Rlchard-Haggard 1983). Nevertheless, the:
presence of irrigable sorls adequate groundwater supphes and 130 to 200 frost free days per
year makes it technically feasible to produce hay crops such as alfalfa, in the basin

(Richard-Haggard, 1983).

. Irrigated land is a small fraction, 10.5 percent, of total farm land in’ southern Nevada -~

(Table 2.9). This reflects the large amount of farm land that is uncultivated open rangeland.
However, virtually all harvested crops in southern Nevada are irrigated. Harvested cropland
accounts for 48.1 percent of all irrigated land, the rest being used as pasture. Again, most
harvested crops are hay crops, intended for consumptiorjr by livestock. Richard-Haggard
(1983), noting that only 5 percent of irrigable land in Nevada is in use, concluded that
current demand for irrigable land is low. The cost of obtaining deep groundwater resources
may in part explain this observation. Irrigation of farm land in southern Nevada most
commonly occurs where surface water or shallow groundwater is avarlable These conditions

- do not occur in Frenchman Flat near the Area 5 RWMS.

Pastureland in southern Nevada is 95.9 percent uncultiuated, unirrigated rangeland. Beef
cattle are numerically the most common livestock produced, followed by sheep (Table 2.10).
Hogs and chickens are raised in small numbers (USDOC 1987). -With the exception of -
Clark County, commercial milk production in southern Nevada is insignificant. Several"
Grade A darry herds occur in Clark County, but ail are greater than 100 km from the NTS
(USEPA, 1984). In 1984 the USEPA reported 83 fa.mrly dairy cows and 397 family milk
goats m Nye, Lincoln, and Clark Counties (USEPA 1984)

- Table 2 7. Total land area and farm land in southern Nevada for 1987 (from USDOC,

1987).
~ Land Area (ha) 28,439,700 2,048,900 | 2.754,400 | 4,700,100
Farm Land Area (ha) 4,042,254 27427 | 18,771 149,903
% Land Area in Farms 14.2 1.3 0.7. - 32
% Farm Land Used as 8.0 16.8 37.6 7.6'

Cropland - .;‘
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Table 2.7. continued.

“Woodland

Pasture 89.2 | 74.3 72.9 9‘3.8
- % Farm Land Used as A
Orchard : 0.005 0.2 0.5 0.02
% Farm Land Used as 0.09 0.5 4 +

~Value Based on 1982 data
* - Single operator reporting

Table 2.8. Cropland' in Nevada a.nd southern Nevada by use and crop grown for 1987 (froni

USDOC, 1987).

% Harvested 53.7 41.1
% of Cropland that is 65.3 53.7 41.1 45.6
Harvested and Irrigated
% Cropland Used as Pasture 26.0 301 | 3414 i
% Other Cropland (Idle) 8.5 16.2 16.0% i
% Cover Crops not Harvested 0.7 1.3 o %
or Grazed ' '
Y -Value based on 1982 data
* _ Single operator reporting /
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contents for m fof al nths hs were ahserved in rumen contents in

significant numbers only during the late summer (Smith et al., 1972). Salsola spp. were the
dominate forbs, reaching frequencies in rumen contents up to 70 percent (Smith et al., 1972).
Later studies conducted during summer months found that cattle rumen contents were 93
percent grasses, predominately Oryzopsis hymenoides, Sitanion hysterix, and Bromus
tectorum (USEPA, 1981). Forbs accounted for only 2.8 percent of rumen contents and
shrubs 4.2 percent (USEPA, 1981). Atriplex canescens (four-wing salt brush) was the most
commonly consumed shrub (USEPA, 1981). Mohave Desert communities offer few browse
species, notably Ambrosia dumosa, and limited amounts of winter annual grasses and forbs
(Stoddart and Smith, 1955). Rlchard-Haggard (1983) estimated that Larrea communities
such as those that occur at the Area 5 RWMS could provide 0.045 animal unit months
(AUM) per hectare. An animal unit month is the forage necessary for complete sustenance
~ of one cow or 5 sheep for one month (USDOC, 1987). The grazing potential of land
surrounding the RWMS can be estimated from plant biomass. The grazing studies suggest
that annual grasses are the preferred food of cattle grazing on NTS. Beatley (1969)
estimated a mean annual plant biomass for Frenchman Flat Larrea communities of 66 kg
ha™'. Assuming a dry weight consumption rate for cattle of 8 to 12 kg day‘1 the total
grazing potential for. Frenchman Flat Larrea communities can be estimated to be 0.061 to
0.091 AUM per hectare. Product1v1ty of additional NTS plant communities are prov1ded in
Table 2.11. In 1985, the Bureau of Land Management issued grazing permits for ’
17, 542 ,240 ha of land in Nevada with an estimated total AUM of 2 563,758 glvmg an
average for Nevada of 0.15 'AUM ha™! (USDOI 1985).

" Table 2.11. AUM ha™! for various ﬂoral commumtles on the NTS (from Rlcha:d-Haggard
1983). .

‘Larrea S , - 0.045
Artemisia | , ». - 0.024
Coleogyne - © 0.0086

* Larrea - Coleogyne o 0.024
Grayia - Lycium o 0.033

Atriplex ’. | . 0.02
Lycium pallidum = ; - 0.033
Pinyon - Juniper | ; 0.014
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2.7 ECOLOGY. -
2.7.1 Flora

Plants affect LLW disposal site performance by transporfring contamination to the land

surface, by introducing contamination into trophic pathways, and by transpiration of

inﬁltrating water. The productivity of floral communities in southern Nevada is limited by
the harsh climate and poor soils. Most areas 'support sparsely-vegetated communities of
perennial shrubs. Many measures of the productivity of;! these communities, including net
above ground primary productivity and standing biomass, are highly variable with time and
location. The quantity and timing of precipitation is critical in deterinining survival, growth,
and reproduction of many species. “ Although productivify can be low, floral diversity is
high. O’Farrell and Emery (1976) report 711 taxa of vascular plants for the NTS and its
environs. As many as 70 species per 1,000 m* have been reported (Beatley, 1976).

. Historically, the flora of the NTS have been grouped mto three major or regional -

communities: the Mobave Desert community occurring over southern Nevada, the Great
Basin Desert community occurring over central Nevada,‘ and a transitional community
mterspersed between the two (Beatley, 1976; O’Farrell and Emery, 1976) Within each

_ reglonal community, local communities can be 1dent1ﬁed via recurring assemblages of

numerically dominant and co-dominant perennial shrubs or trees (Beatley, 1976 O’Farrell
and Emery, 1976). Local communities grade gradually mto one another as edaphic and
chmatlc conditions change, forming a complex patchwork of plant communities. Commumty
composmon can be quite complex, with no two locations havmg the same species
composition (Beatley, 1976).

'Commumtles of the Mohave Desert occur over the southern third of the NTS, on the baJadas

and ‘mountain ranges at elevations below 1,200 m. They are limited to areas with mean
minimum temperatures greater than —2 °C and average annual rainfall less than 18.3 cm
(0 Farrell and Emery, 1976). Mohave Desert commumtles can have highly variable floristic
compositions, but all share a shrub clump form dommated by Larrea tridentata (creosote -
bush) and variable co-dominant shrubs (Beatley, 1976). | | Shrub coverage varies from 7 to 23
percent for Mohave Desert communities found on the NTS (Beatley, 1976). Herbaceous

'spee‘ies including perennials and winter annuals can be uniformly interspersed between sh_rub

clumps or only associated with shrub clumps, dependmg'on soil and climatic conditions
(Beatley, 1969; Beatley, 1976). Growth of herbaceous perenmals and reproduction and
growth of winter annuals is regulated by autumn rains and can vary significantly from year to

year with rainfall (Beatley, 1976; Bowers, 1987). Winter annuals in particular undergo mass

2-97



germinations after heavy autumn rains and reach levels of cover as high as 30 percent |
(Beatley, 1976). Summer annuals (ephemerals) may appear briefly after late summer rains
and reach area coverages up to 8 percent (Beatley, 1976).

Beatley (1976) identified three Mohave Desert bajada communities based on the numerically |

co-dominate shrub species present. The communities were: the Larrea tridentata - Ambrosia
dumosa (bur sage) community found on loose deep soils, the Larrea - Lycium andersonii
(desert thorn) - Grayia spinosa (hop sage) community found at elevations between 1,000 to
1,200 m, and the Larrea - Atriplex confertifolia (shadscale) community found on calcareous
soils with well developed pavements and caliche layers (Beatley, 1976). Numerous
herbaceous species occur wﬂithithhese communities. See Beatley (1976) for complete
descriptions. | -

Assemblages grouped among transitional desert communities occur under two different
situations. Some assemblages occur along elevation gradients between Mohave Desert and
Great Basin Desert communities. Others occupy the bottoms of closed basins where cold air
‘accumulates during the night (Beatley,’ 1976) These communities, although considered
transitional, may be completely surrounded by Mohave or Great Basin Desert communities.
On the NTS, two transitional communities, Coleogyne and Larrea - Grayia - Lycium, occur
along elevation gradients between Great Basin and Mohave Desert communities. Coleogyne
ramossima (blackbush) grows in nearly pure stands on upper elevation bajadas that are

beyond the moisture range of Mohave Desert communities (Beatley, 1976). Larrea - Grayza '

- Lyczum assemblages occur on higher bajadas, often below Coleogyne communities (Beatley,
1976). Three transitional communities, Grayia - Lycium, Lycium pallidum - Grayia, and
Lycium shockleyi - Atriplex ‘are associated with the lower elevations of closed basins (Beatley,
1974; Beatley, 1976). Romney et al. (1973) report that, in addition to cold night time
| temperatures, soil texture, and salinity are also important in controlling the distributions of _
these communities. Shrub coverage in transxtlonal communities averages 29 percent _ '
(O’Farrell and Emery, 1976). '

Great Basin Desert communities occur within basins and on mountains at elevations above
1,500 m (O’Farrell and Emery, 1976). These locations are less arid due to lower
temperatures and greater pfecipitation (Beatley, 1976). In comparison to Mohave Desert
communities, Great Basin Desert communities tend to have more herbaceous perennials,
fewer annuals, and shrub clumps tend to be closer together or absent (Beatley, 1976). These
communities are dommated by either Atriplex spp. (A. confertifolia or A. canescens (four-
wmged salt bush)) or Anemzsza spp. (A tridentata (big sagebrush) or A. nova (black
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sagebrush)) (Beatley, 1976). Above 1,800 m, Artemlsza spp. - - Pinus monophylla (pmyon
pine) - Juniperus osteosperma (juniper) associations are common (Beatley, 1976)

Undisturbed communities on the NTS are considered climax assemblages (Beatley, 1976).
However, steady-state conditions may rarely be observed due to slow vegetative growth and
shifting climatic conditions (Hunter, 1992a). A natural success1on of plant communities does
not occur after disturbance, but rather plants from the sgrroundmg climax communities
become re-established directly (Beatley, 1976). Some introduced species, however, are

- associated with disturbed areas and can delay revegetatlon by native species (O’Farrell and
Emery, 1976). These include the winter annual grasses WBrumus rubens (downy chess) and
B. tecrorum (cheatgrass) and the Russian thlstles Salsola iberica and S. paulsenu (O Farrell

|




f

NANNNNNNNNNANN . p NANNNNANN
NANNNANNANNNT .
TNNNANT
ALY

_\

ol

4
Pt
' rht
. F++

tEtEE bbb bbb
I T T T ALY
thtrtt bbb tb
Fhbr bbb bbbt
e R S L 22
LR L .
+hdr bt et
LTI RN
R e e o e e e 2 B
[ shtdrbbdddddss
B AT L o
+4+40

dii-i

/,
“).

-\\

A

N
s,

) . i .
A d
- =

N

I wowmeatioum [ mountais. HiLLs
: , AND MESAS
NN\

NN I TSN

IR

++ 4 :
+ ARTEMISIA 0 2 4 8

wzﬁ GRAYLA-LYCIUM m LYCIUM SHOGKLEY] .  SCALEINMILES

Figure 2.30 - Major veget;ition types of the NTS (adapted from Beately, 1976).

[ W

K 2-100




- S

" g 4 -

-. . -l

pro . L
3 5 -
i)

X

A transitional desert Lycium pallidum - Grayia community covers a 2-km wide strip,
extending 7 km southeast of the playa (Figure 2.30) (Beatley, 1976; EG&G, 1982). A
Lycium shockleyi transitional desert community also occurs south of the playa. An Atriplex
confertifolia community of the Great Basin Desert extendsover a triangular area north of the
playa (Beatley, 1976). The boundary between these thrée communities and the Surrounding
Larrea communities is quite distinct and has variously been attributed to cold night time
temperatures (Beatley, 1974) and high soil salinity, poor so1l aeration, and poor soil drainage |
(Romney et al., 1973). : -

Mohave Desert plant communities are characterized by low areal coverage, low standing
biomass, [ow productivity, and high relative biomass turnover (Beatley, 1976; Strojan et al., '
1979). Numerous investigators have estimated above—ground plant biomass values for Larrea

. communities,. such as those that occur in the vicinity of the Area 5 RWMS (Table 2.12).

Estimates of above-ground standing biomass and net annual productivity can be used to
estimate the grazing capacity of the land. '

Plant biomass is highly correlated with mean annual rainfall, (O’Farrell and Emery, 1976), -
and varies significantly from year to year and with location. Much less is known about
below-ground biomass, but it has been estimated at approx1mately 45 percent of above-

: ground blomass (Wallace et al., 1974).

In absolute terms, net prlmary product1v1ty is low in these communities, but may be large
relative to standing biomass. Romney et al. (1977) and: Romney and Wallace (1977) have
estimated that production is from 1 to 10 percent of standmg biomass annually O’Farrell
and Emery (1976) report that most annual production is: ‘attributable to winter annuals. ,
Winter annual standing biomass, which represents the productlon of a single growing season, \
can vary from 0 to 616 kg ha™!, but a mean value of 90 kg ha™! has been recorded for the

 NTS (Beatley, 1969). In contrast, Romney and Wallace (1979) found that perennial shrubs

produced the greatest biomass in Rock Valley over a three-year study period.” Their
estimates of primary productiyity as the mean dry welght and one standard deviation were
159 + 103 kg ha~! yr~! for annuals, 407 + 93 kg ha"‘yr‘1 for perennials and

566 + 187 kg ha~! yr~! total. Over two consecutiyeyears Bamberg et al. (1976) reported
- above-ground net primary product1v1ty of perennials in Rock Valley to be 135 kg ha'1 and

436 kg ha™%.

Annual 'litter fall rn_ay be a significant fraction of standing biomass and net primary
productivity. Estimates of herbivory are generally low in desert environments, suggesting
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‘Table 2.12. ‘Above-ground living dry welght biomass of NTS plant communities as reported by varlous investigators for
Frenchman Flat Larrea communities.

Beatley (1969) | . Larrea - 0-442
S ~ Frenchman Flat 1 | Mean: 66
Romney et al. (1973) |  Larrea . 113 - 923 -
- - Frenchman Flat Mean: 466 ‘
Romney et al. (1977) | | ~ Larrea - Ambrosia . 2,200 ' -
o A GMX SiteT
= | Hunter and Medica (1987) |  Larrea - Ambrosia 2,047 - 4,259 s -
™ v _ Frenchman Flat Mean: 3,020
Hunter (19922) | . Larrea - Ambrosia 3,491 -3527 .
| | ‘ ~ Frenchman Flat - Mean: 3,509 ' -
Hunter (1992b) - Larrea - Ambrosia . 1,640 - 3,150 - -
- “Frenchman Flat - Mean: 2,204
Hunter 1926) - | = Larrea 2,060 - 2,520 i
, o - GMX Site 1 Mean: 2290 |
EG&G (1982) o . " Larrea 1,375 | 57 1432
' Frenchman Flat o : '
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that a significant fraction of plant biomass becomes soil: detrltus each year (Stro;an et al
1979). Strojan et al. (1979) estimated that dry litter fall from perennial shrubs in Rock
Valley over a two year interval was 217 + 141 kg ha~yr~!. Total dry litter fall, including
annuals, was estimated to be 362 + 237 kg ha! yr"1 (Strojan et al., 1979). Annual litter

'_fall as a percent of standing above-ground biomass among perennial species ranged from 7 to

83 percent (Strojan et al., 1979). Annual litter fall was estimated to be from 81 to 99
percent of net above-ground product1v1ty (Strojan et al., 1979)."

Few studies have des_cribed the rooting depths of Mohave Desert plants and assessed their

) potential to penetrate a waste repository. Wallace and Romney (1972) have described the

root systems of several plants excavated from a wash m‘ Rock Valley on the NTS and
reported a maximum depth of 168 cm. The study site was selected because of the absence of
caliche hard pan layers that can restrict rooting depths. ; The reported maximum root depth

for individual plants were 86 cm for Ambrosia dumosa, 81 cm for Hymenoclea salsola,

91 cm for Ephedra nevadensis (Mormon tea), 168 cm for Larrea tridentata, 64 cm for
Ceratoides lanata (winter fat), 122 cm for Lycium andersonu (desert thorn), and 97 cm for
Grayza spznosa (Wallace and Romney, 1972). Root systems generally took the form of a
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The complex assemblage of: Mohave and Great Basin Desert plant communities on the NTS -
supports a diverse fauna. 'ij.arge variations in animal population densities are observed.

- These variations are .cqrrelated with the quantity and timing of rainfall and its effects on
primary productivity. . Casual daytime observers rarely encohnter desert fauna, especially the
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Invertebrates, particularly insects, are the most abundant and diverse element of the NTS
fauna (O’Farrell and Emery, 1976). At the time of preparation of their monograph,
O’Farrell and Emery (1976) estimated that only a quarter of NTS insects species had been
described. Those insects that burrow are the most significant to performance assessment.
Ants and termites are the most numerous burrowmg insects on the NTS. Unfortunately,
little is known about the burrowmg habits of either group-under conditions prevailing at

* NTS. Ants are apparently among the most diverse insect groups on the NTS, with
57 species reported. They are dlso significant in terms of biomass and trophic status
(O’Farrell and Emery, 1976). Allred et al. (1963) report 20 ant species for Larrea -
Ambrosia Mohave Desert communities and identified three ant species, Myrmecocytus

- comatus, Pogonomyrex californicus, and Veromesser pergandei, as the most common.

Vertebrates, although less @umerous and diverse, include game and fossorial species. Fish
and amphibians are insignificant, due to the lack of permanent surface water. - The reptilia
include 1 specie of tortoise, 14 species of lizards, and 17 species of snakes (O’Farrell and
Emery, 1976). The most abundant species are the lizards U. stansburiana, 40 to 80 ha™’,
and C. tigris, 7 to 25 ha™! (O Farrell and Emery, 1976). Overall, reptiles are not believed to
be significant to site performance. There are no important game species and only one
species is known to burrow: Gopherus agassizi (desert tortoise). However. G. acassizi -
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environments are a consequence of ~USDQE opera_tions.‘ It is assumed that they will not exist
after USDOE operations cease.

Forty-51x mammahan specres have been reported for the NTS (O Farrell and Emery, 1976)
Although many of the larger species are game species, they are rare or transitory visitors to
the Area S RWMS. Fossorial species, particularly rodents are common. Rodents account

- for 'half of all known NTS mammalian’ species and are numerlcally the most common

(Allred et al., 1963). Rodent population densities and reproduction are highly correlated

. with production of winter annuals. Mohave Desert Larrea-Ambrosia communities can

support high rodent population densities, but generally have low species diversity (Allred
et al., 1963). Spermophilus tereticaudus (round-tailed ground squirrel), Dipodomys merriami
(Merriam’s kangaroo rat), Onychomys torridus (southern grasshopper mouse), and )

- Peromyscus eremicus (cactus mouse) are found commonly in Mohave Desert communities.

Eleven species of rodents and a bat specie have been reported from various surveys in
Frenchman Flat. They include a bat, Pipistrellus hesperus (western pipistrelle), and the
rodents, Thomomys umbrzus (southern pocket gopher), D merriami, D. microps: (Great Basin -
kangaroo rat), D. deserti (desert kangaroo rat), Perognathus longimembrinus (11tt1e pocket ‘
mouse), P. formosus (long-tailed pocket mouse), Neotoma lepida (desert wood rat), O.

‘torridus, Ammospermophilus leucurus (white-tailed antelope squirrel), Spermophilus

tereticaudis (round-tailed ground squirrel) and Peromyscus maniculatus (deer mouse)
(Bradley and Moor, 1975; Bradley and Moor, 1978; Bradley and Moor, 1976; Bradley et al.,
1977; Hunter et al., 1991). :

Fossorial rodent populatrons densities in Larrea Ambrosza communities are among the
highest found on the NTS (O’Farrell and Emery, 1976) Estimates of rodent population
densities at two sites in northern Frenchman Flat are reported in Table 2.13. These data are:
based on numbers of animals collected by traps. Since ‘itrappmg success can depend on the
behavior of the species and its level of activity at the time of collection, trapping data may
proiride a biased estimate of population densities. Nevértheless kangaroo rats (Dipodomys)

- and the little pocket mouse (Perognathus longzmembrmus) appear to account for greater than
- 90 percent of the population (Hunter and Medica, 1987; Hunter, 1992a). Population

densities apparently vary widely over time. Ground squlrrels are reported to be uncommon
(Hunter et al., 1991). Unfortunately, pocket gophers are not sampled by trapping techniques
used 1n past studies and estimates of their population densities are not avallable (Hunter
et al., 1991). :
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: Quantrtatrve predictions of the effects of burrowmg fauna on site performance are dlfflcult to

make due to the lack of relevant data. The quantity of soil transported to the surface is
dependent on population density, soil characteristics, and seasonal activity levels. The
transport processes itself is complex. Some species, such as pocket gophers, are reported to
selectively transport cobbles and gravels to the surface (Hansen and Morris, 1968; : |
Hankonson et al., 1982). Burrows are frequently reworked and refilled, presumably with
both clean and contaminated material, producing a compiex mixing of surface soils (Thorne
and Andersen, 1990). Burrowing activity is apparently variable in time and with locatlon
Vi oslamber and Veen, 1985; Thorne and Andersen, 1990) '

. ‘ _—
Burrowing animals may directly affect site performance by burrowing into waste cells and
trapsporting contamination to the surface. Direct intrusion into waste by mammals appears
unlikely, as most mammals only burrow to shallow depths. Anderson and Allred (1964)
examined 30 kangaroo rat (Dipodomys microps) burrows': on the NTS.. They reported a
maXimum burrow depth of 61 cm and a mean depth of 33 cm. Burrowing behavior was
affected by the texture of the soil (Anderson and Allred, 1964). Winsor and Whicker (1980)
found that the pocket gopher (Thomomys talpoides) rarely burrows below 30 cm, and its o
average burrow depth on their Colorado study site was 13 4 cm. Hankonsen et al. (1982)
recorded the depths of pocket gopher (T. bottae) burrows ata LLW site in northern New

~Mex1co None of the burrows penetrated below IOO cm.

Significant numbers of burrowing animals occur within l?renchman Flat and their activities
may' influence site performance. Direct intrusion into buried waste by vertebrates appears

* unlikely. Shallow vertebrate burrowing activity may affect site performance by mixing

surface soils and by altering cap hydraulic properties and stability. . Invertebrate burrowing, -
although much less studied at the NTS, appears to have the potentlal for direct intrusion into .
the waste. ‘

2.8 RADIOLOGICAL ENVIRONMENT

Persons residing in unrestricted areas adjacent to the NTS and future residents occupying the

. site will be exposed to internal and external sources of ionizing radiation from natural and

man-made sources. Understanding these sources and their significance is important for

'interpreting performance assessment results and for interpreting site performance based on

environmental monitoring results. The National Councﬂ on Radiation Protection (NCRP) has

reported the average dose equivalent received by United States residents from background

and man-made sources to be approximately 360 mrem yr~' (NCRP, 1987b). Average
United States residents are estimated to receive approxunately 82 percent of their annual
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effective dose equivalent from natural sources (NCRP, 1987b,)§ This corresponds to an -
 effective dose equivalent of lapproximately 300 mrem yr~ !, most of which is attributable to
inhalation of ?Rn progeny (NCRP, 1987b). Natural sources of radiation exposure include
external irradiation from coémic particles and primordial radionuclides. Exposure to
cosmogenic and primordial radionuclides present in air, water, and food are a natural source
of internal radiation doses. - ‘Man-made sources of radiation are, on average, less important
sources of exposure and mclude in descending order of importance, medlcal procedures,

consumer products, and industrial sources (NCRP, 1987b) Industrial sources, which include -

USDOE operations among many other sources, and nuclear weapons testing, are estimated to
- account for approximately 0.8 percent of the average annual effective dose equivalent for
United States residents, or approximately 2 mrem (NCRP, 1987b).

The NCRP data presented above is for average United States residents. Current and future
residents of the NTS and its environs may be potentially exposed to radionuclides at levels
greater than average. Potential sources of exposure in Frenchman Flat, in addition to waste
disposal operations, include above and belowground nuclear weapons tests and safety tests.
Between 1951 and 1962 14 nuclear devices were detonated in the atmosphere over the
Frenchman Flat playa. In 1965 three underground nuclear tests were conducted northwest
of the playa, approx1mately 3.5 km south of the RWMS (Figure 2.3). Two more

underground tests were conducted in 1966 and 1968, approximately 2.4 km northeast of the

_' RWMS. During 1954 and 1955, several safety tests were conducted at the GMX site,

1.8 km southeast of the site Safety tests involve the destruction of nuclear weapons
components and result in the release of radioactive material, most commonly plutonium. In
addition, several hundred announced above and belowground nuclear weapons tests have
been conducted in Yucca Flat Yucca Flat is a north-south trendmg closed basin, beginning
13 km northwest of the RWMS and extending approximately 37 km north. Numerous safety
- tests have been. conducted in Plutonjum Valley, a north-south trending valley draining into
Yucca Flat. Plutonium Valley lies 11 km north of the RWMS and is separated from
Frenchman Flat by French Peak and the Halfpint Range

Radiological surveys of the surface soils of Frenchman Flat have shown that small localizeéd
areas of contamination associated with ground zeros are present on the Frenchman Flat playa
and at the GMX site. Most soils of the basin contain concentrations of fallout radionuclides
 that are consistent with _levels expected from global fallout. Barnes et al., (1980) surveyed .

 the surface soils of the playa and identified three ground zero areas that were above
background: Hamilton, Bfa and Small Boy. These areas cover approximately 5.7 km? of the
Frenchman Flat playa (McArthur, 1991). The radionuclides identified and their maximur
contour concentratlons as of 1980, were “Co (25 pCig 1) ¥Cs (25 pCi g), *Eu (150 pCi
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‘g1); ¥Eu (25 pCi g?), ®*Pu (400 pCi g*), and *'Am (150 pCi g") (Barnes et al., 1980).
‘The other area of surface contamination in Frenchman Flat is the GMX site. . Gilbert et al.
(1975) reported 2**°Pu concentrations for soil and vegetatlon from five regions or strata -
encompassing 0.12 km? at the GMX ground zero. The mean **?*Pu concentrations for soil

. and vegetation for the highest concentration strata sampled were, respectively, 7.3 nCi g™
andmO.31 nCi g? (Gilbert et al., 1975). McArthur (1991) measured the soil concentration of
radidnuclides using in situ gamma spectrometry and soil sampling and analysis, at four sites
in Area 5 and estimated the total inventory. The sites, Frenchman Flat playa, G